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ABSTRACT 

Techniques are developed for the design of a monitor of a real-time 
multi-computer system that is under heavy loading. The first portion 
relates to the requirements of partitioning to aid in fault recognition 
and diagnostic routines. The dynamic allocation of system time to the 
system tasks and fault monitoring is developed secondly. System 
reconfiguration of the partitioned subsystems restores the system to 
operation at a degraded level until faults are corrected. The paper 
discusses a Ship Combat Weapon System as an example of a large scale 
multi-computer system monitor. 
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I . INTRODUCTION 



The monitoring of a small computer system is a relatively simple 
task. But as computer systems grow larger and larger, the problem 
becomes much greater. When the monitoring of a large scale Real-Time 
Multi -Computer system is attacked, many problems arise. One must know 
which program is running in which computer and how each program affects 
the mass of data that flows between the many input /output ports of the 
system. When the system is running near capacity in all processors 
(heavily loaded), the problem becomes even greater. There is little 
time left to process data for monitoring. Therefore, it can be seen 
that monitoring must be done under very severe timing and space 
utilization constraints. This thesis provides the necessary tools 
for calculating timing and core space requirements. 

The five major portions of a fault monitoring system are 
(l) Partitioning of the total system into small subsystems, ( 2 ) Dynamic 
time allocation to better utilize remaining time for fault monitoring 
procedures, (3) Fault recognition techniques, (4) Diagnostic routines, 
( 5 ) System reconfiguration to automatically restore system operation. 
All five of these operations are fully discussed and analyzed so that 
the designer may apply the correct techniques to his system to obtain 
an effective monitor. 

One example of a Real-Time Multi -Computer system is a Ship Combat 
Weapon System. The general aspects of a Ship Combat Weapon System are 
discussed to show the comparisons of a general system to a specific 
one. A simulated Ship Combat Weapon System is shown to contain all 
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the necessaiy parts of the general system and is analyzed in great 
detail. The methods of monitoring this simulated Ship Comhat Weapon 
System are analyzed to develop the necessary monitoring techniques# 

A detailed bibliography is presented that covers the area of 
Monitoring of a Real-Time Multi-Computer System# A cross reference of 
the methods of monitoring is also given. 

Proper system time utilization shows that much of the system 
upkeep and maintenance that normally is accomplished during designated 
maintenance periods may now be performed on-line at little or no 
system degriidation# 
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II, BASIC ELET’ENTS OF A FAULT MONITOHUTG SYSTEM 



Fault detection and recognition is the most important maintenance 
function in a Real-Time System, The FaxQt Recognition program 
■basically tests the processing integrity of the system. This program 
requests that the subsystem found faulty or suspected of 'being faulty 
■be diagnosed. The pui?pose of the diagnostic program is to generate 
test data to isolate the fault to a reascnahly small section within 
the subsystem. 

Real-time fault detection historically has been done at the circuit 
hardware level. In the early stages of development of fault-tolerant 
computers, attention was directed towards massive redundancy at the 
lowest level - the replication of individual components (resistors, 
transistors, etc,). The use of component redundancy has been limited 
by design difficulties and by new developments in componet technology. 
The change from discrete components to integrated circuits has largely 
invalidated the assumption of independent component failures. Without 
it, the advantages of component redundancy are lost. 

The most developed techniques are fault detection by periodic 
diagnosis and the application of parity and similar error codes to 
detect or correct errors in data transmission and storage. The 
periodic diagnosis techniques have progressed from exclusively software 
implementations to software combinations with special-purpose hardware. 
Concurrent diagnosis unes error detecting codes and monitoring circuits. 
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A. HAin)WARE 



Fault detection and diagnosis by hardv^are have greatly increased 
the sensitivity and selectivity of finding and correcting errors. In 
the early days, fault detection systems utilized registers that read 

[ 1 2] 

data at specific times into an output device. * Later specially 

built hardware devices set off alarms \ihen an error was detected. ^ 

The circuit that produced the fault was located by utilizing a book 
which contained manual diagnosis. As designers progressed, circuits 
were designed to not only send interrupts to the computer notifying 
it of an error, but also allowing the diagnostic routine prograrnmatic 
access of the error register. 

To assist in locating faults, the hardware system may be partitioned 
into logical subelements that allow reconfiguration. Accurate timing 
of events requires a real time clock in the system. Transient or 
permanent faults may be initially detected by hardware devices but 
efficient identification and location of the faults requires software 
diagnostic routines. Diagnostic routines are built upon the concept of 
detecting faults by executing one instruction at a time. As the 
instructions become more complicated, more circuitry (Mcrosteps) is 
analyzed for faults. This is repeated until all elements are insured 
to be fault free or a fault is located. 

It can be seen that to effectively detect an error in a timely 
manner requires hardware circuits. Programmatic access to error 
registers allows greater flexibility and speed in diagnosing the 
actual fault. 
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B. SOI^TWABE 



Many studies and investigations have heen made in the area of 

fault-detection and diagnosis hy software. Even the earliest computer 

[71 

systems had diagnostic programs to check the computers for errors* ' 

As computers became more complex, the size of diagnostic routines in- 
creased as did the time required to write them (in man years)*^ 

By combining fault-detection \ilth diagnostic routines, the total time 
to locate an error was reduced* By allowing periodic maintenance 
checks to be performed using this combined method, large computer 

[1011121 5I 

systems reduced their amount of down time. » » > ^ combining 

fault-detection and diagnostic routines with automatic system re- 
organization, the down time may be reduced to a minimum with imposed 
system degradation,^ 

Softv^are must also be partitioned into logical subelements to 
allow for program relocation or reconfiguration. Knowing v^hen to 
reconfigure requires monitoring the most critical data of each logical 
subelement program* When critical data of a program are detected as 
being faulty, then the program itself is faulty. 

When the combined technique of fault-detection, diagnostic routines 
and automatic system reorganization is used in a large system, 
additional problems occiir, Binding time to run the required tests 
is a problem in a heavily loaded system. If there is barely enough 
time to complete the required tasks, hov7 can we allow extra time for 
maintenance tests? The ansv/er implies some type of dynamic time 
allocation. Another problem is the manner of presenting this detailed 
data to the system monitor operator in a timely manner* The operator 
must have enough data, but in a short time, to allow him to complete 
the action required of him before the total system fails* 
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Ill* DKFITTITIOITS AKD CQ^IG^TS O F ^AULT MOITITORIITG 
IIT A Km.TI~PROC^.SSING SYSTm 



Lar^ and complex computer systems increase the demand for fault 
monitoring systems. Because of this complexity, man by himself 
requires too much time to solve the same problem. The cost of uncorrected 
errors is especially severe in large multi-computer systems and in 
situations which a computer controls a very valuable system, and is 
not readily accessible for human repair. Examples are a real-time 
control computer and a spacecraft computer controlling an inter- 
planetary mission. A second critical requirement for fault monitoring 
exists when human lives may be affected by computer errors, (e.g, 
military defense systems, high-speed transportation control systems, 
or medical systems).^*^^^ The time to repair such complex system must 
be reduced, and fault monitoring is one approach. 

The five necessary parts of fault monitoring are: (l) Partitioning, 

(2) Dynamic time allocation, (3) Fault recognition, (4) Diagnostic 
routines, (5) System reconfiguration. These must be considered in 
detail so that the total effect may result in an efficient optimal 
system monitor. The following description describes the necessary 
elements of a fault monitoring multi-computer system. Each part of 
fault monitoring will first be defined in detail. Secondly, some 
explicit uses of these parts will be given for fault monitoring. 

A, PAETITIOIOTG 

Partitioning is the process by vjhich a large complicated system 
is divided into logical subelements. Each subelement has a specific 



10 



jlS 




I 






fxmction in either hardwaxe or software. By requiring each subelement 
to be a logical subdivision, it may then be replaced in case of a 
detected failure. An example is a program subroutine that 

is located in faulty computer memory core; it may be relocated to a 
fault free core location. Another example is a detected fault in an 
input/output (l/O) channel; the monitoring system would reconfigure 
the system input/outputs so as to utilize another channel. If a 
Central Processing TJnit (CPTJ) failed, its tasks (processing of logical 
program subelements) could be allocated to other CPB*s in a reduced 
operating mode. 

The most important requirement for successful partitioning is to 
segment the system into logical elements, each having the capability 
of being relocated by the system reconfiguration module.^ ^ 

Thus it is required that core memories, for example, be divided into 
modules, regardless of the actual computer memory organization. The 
hardware items co^lld be partitioned into CPU* s, core memory modules and 
input/output channels. Thus when one hardware item fails and another 
similar hardware unit is free, (or only partly utilized) it may be 
used immediately by the system monitoring reconfiguration program. In 
a similar manner, all computer software programs and subprograms 
should be partitioned into logical units of approximately equal core 
size so that immediate reconfiguration may be performed. Programs 
of unequal size v:ould create the problem of moving all programs in 
the computer. If a display device should fail and the display processor 
program becomes idle, the system could be reconfigured to use the 
teletype (or some other output device) along with the teletype 
processing module. 
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immiO TIME ALLOCATION 

Time slicing is the diTision of the total computer system time 
available. This system time is allocated to all of its component 

r 1 2 1 

parts and programs, * Time slicing is used to minimize the 
time required for fault detection and diagnosis in any one time frame. 
Ihiring routine system operations v;hen the system is lightly loaded, there 
are large blocks of time available in each executive cycle for fault 
recognition and diagnostic analysis. As the system becomes more in 
demand, the time available for analysis is shortened. In order to 
utilize this time more effectively, the fault monitoring program must 
dynamically allocate the available time. Thun the program must know 
how much time is available for use and thus hov? much diagnosis may be 
performed in this specific cycle. Flags (or some other method) must 
be set and the proper bookkeeping performed to insure that the most 
critical data is still monitored and analyzed during the most heavily 
loaded period of system utilization. Luring lull periods, the 
monitoring program must also insure that all components of the 
computer system are analyzed so as to insure complete system 
integrity!'' 

It follows directly that fault detection routines must be timed 
and must be able to operate under flag (executive) control. By the 
proper allocation of these routines to the pertinent tasks at hand, 
all criteria may be satisfied. Strict timing control of the main 

and monitoring program must be performed and must be programmatically 

15 

available. 

By dynamically controlling the time used for fault monitoring, a 
wide range of operational modes may be effectively monitored. These 
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inodes may vary from lightly loaded systems to very heavily loaded 
systems. In a lightly loaded system most all operations are concen- 
trated towards fault monitoring, diagnostic analysis and maintenance. 
Under heavy loading, the time for monitoring is very small. In most 
systems, it is zero except for hardware fault monitors. By dynamically 
allocating a small segment of time to special purpose fault monitoring 
routines, increases reliability may be gained with little system 
interference . 

C. FAULT FFCOGNITION 

Fault detection in digital computers is implemented either by 
periodic or by concurrent diagnosis . The most common current approach 
is periodic diagnosis which utilizes a diagnostic program stored in 
the computer memory . Computation is periodically interrupted 
and the diagnostic program is executed. The diagnostic program itself 
is vulnerable to faults in the memory system. The cost of diagnosis 
consists of: (l) the storage used for the diagnostic program, (2) the 

time consumed by its execution, (3) the time needed for repair, (4) the 

repeated execution (rollback) of the program segment which was run 
[l41 

after the last diagnosis. Such time and storage costs are very 

severe in real-time computing. The alternate diagnosis method is 
concurrent diagnosis in which error-detecting codes and monitoring 
circuits are employed to indicate the presence of faults. 

A distinction must be made in fault detection between transient 
and permanent errors. By maintaining a history of detected errors 
with no diagnosable faults, a trend of transient errors may be stored. 
This trend may be utilized to determine an impending major fault. In 
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critical locations, special hardware devices must he installed to 
detect errors that would remain undetected or unrecoverable by software 
diagnosis* For example, the current instrcuction address, in the 
location counter, may be required to locate a fault. If the location 
counter is not programmatically available concurrent vdth the fault 
detection, then a special fault location register is required. This 
register would automatically copy the contents of the location counter 
at the time of any fault. 

Faults nay originate from either hardware or soitv^are. They may 
also be detected by either hardware, software or a combination of both, 
A list of all the pertinent errors to be detected is required. From 
this list a division must be made betv/een the tv;o types of fault 
origin, hardware or software. This decision is influenced by the 
method of fault detection. This list is used in the process of 
determining partitions. Each fault detection technique used depends 
upon many system factors that must be taken into account. How the 
system is partitioned affects the grouping of faults. This grouping 
of faults is used by the dynamic time allocation routine, 

D. DIAGNOSTIC ROIJTIhES 

The diagnostic program is designed to isolate and specify errors 
in main-frame arithmetic and control logic, the various information 
transfers, the various devices and registers. The program is con- 
structed on the general basis that every command in the machine 
repertoire uses a unique set of microinstructions or microsteps, 
leads to a correct result and a second command using the same set 
plus one leads to an incorrect result, then the failure is assumed to 
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be in the additional microstep. The detailed diagnosis of errors 
requires that the possiblilities of control signal failure, trans- 
mission path failure, and register failure, be invest igated. It is 
often difficult to separate these types,^ 

For a Ijirge scale real-time multi-computer system, faul't diagnosis 
routines become even more complex and time consuming than the diagnosti.c 
routine just described. To eliminate these problems, a modularized 
systems approach must be utilized. Rather than be concerned with a 
specific circuit element failing, we concentrate on detecting modular 
subsystem e.’crors. Critical data are monitored so as to indicate 
failures in any one of our subsystem modules. Upon confirming a 
permanent e;cror in a module, the system reconfiguration program is 
called. 

E. SYSTEM aECOUPIGUMTIOH 

\^en permanent faults are detected and analyzed in a complex 
system, the total system may halt or the system may be reconfigur-ed 
to avoid the faulting component (partitioned submodule) and operated at 
a reduced level. As discussed before, halting a valuable 
system is not acceptable. Reconfiguration may be manual or automatic. 

In the automatic mode, the computer system must maintain a current 
configuration list of all submodules and their operational status. 

Upon notification of a submodule failing (that is part of the operational 
system), reconfiguration is forced, Vhen a submodule is repaired, and 
proven operational, the system monitor operator may indicate this fact 

[15] 

to the program and then request reconfiguration. In the manual 

mode, the system must be examined manually, the new configuration 
determined and then manually implemented. 
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The reconfiguration program contains the necessary information to 
logically interconnect all submodules and to relocate computer programs 
when necessary. By displaying the proposed reconfigured computer 
system to the system monitor operator, approval may he given and the 
ne\r system implemented. Automatic reconfiguration could save as much 
as 99 percent of the time required for manual reconfiguration. 

While automatic reconfiguration gives an indication of overly 
complicating the problem, it is in reality a simplification. To 
manually maintain the configuration control of a large multi-computer 
system is a large team effort. Many charts, manuals, and switches 
must be coordinated vdth exacting precision. Automation of this task 
reduces this problem. The system configuration is maintained up to 
date in the computer memory. Switching and logical control of the 
input/output ports are controlled by computer subprograms, V/hen 
these aids are implemented in a reconfiguration module program, the 
time required to change a configuration is reduced to seconds. 

Because of the hypercritical nature of the faxilt monitoring process, 
special precautions must be observed. The fault monitoring program 
can be duplicated in another computer or reside in a special fault 
tolerant computer. These precautions reduce the danger of a fault 
occurring during execution of the reconfiguration program. 
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rv* A SPECIFIC EXAI-IPLS; A SHIP COI>IBAT 
V.rSAPQH SYSTM4 



One exainple of a complicated real-time multi- computer system is 
a ship comhat v^eapon system, liany computers are utilized to solve 
special subsystem tasks, such as target detection and missile firing. 
The total computer complex is integrated together by the Combat 
Information Center System, In this real-time system, many control 
and data processing functions must be performed at extremely high' 
speeds. Most of the sensory and control devices must be electrically 
connected on-line to the system to permit automatic transfer of data. 
Delays in transferring data by means of manual off-line handling of 
tapes, cards, etc,, are not acceptable. 

An executive control philosophy was developed for distributing 
the various tasks among the computers. Control of these tasks in 
each computer is maintained by an Executive Routine, Over-all control 
of the multi-computer system is not employed since each computer is 
controlled by its own Executive Routine, Subroutines or tasks are 
controlled by the Executive Routine by the use of flags or alerts. 
Decisions on whether to respond to the flag or alert at any specific 
time are deteimined by the priority of the input and the time 
available to do the task. This accxixate timing is made possible 
by use of an internal real-time clock# V/hen each task is completed, 
the flags and alerts are sensed again and the highest priority task 
remaining is performed. Both periodic and demand type tasks are 
utilized by executive routines. 
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A Ship Combat Weapon System is an example of a large real-time 
multi -computer system in actual use. A detailed study of this system 
will be explored for the methodology of Fault Monitoring techniques. 
The methods evolved for Fault Monitoring in a Ship Combat Weapon 
System will apply towards most large real-time multi -computer systems. 

A. PROPERTIES OF A COMBAT' VffiAPON SYSTEM AND THE DATA INVOLVED 

A typical Ship Combat System consists of many interconnected 
systems (see fig. l). They are divided into three major areas: 

(l) Input, (2) Processing and (3) Output. All different types of ‘ 
input devices are analyzed by the input processors and the relevant 
data transmitted to the processing section. The processing section 
correlates the data from the different sensors. The correlated data i 
transferred to the appropriate output device (Guns, Missiles). 

Each of these three areas have in turn many components, some of 
which are: 

1. Inputs 

A. Radar video 

B. Sonar input 

C . IFF input 

D. Ship information 

2. Processirg (Combat System Decisions) 

A. Three processing computers 

B. Five types of display consoles 

(1) Radar 

(2) Sonar 

(3) CIC (Tactical) 
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A TYPICAL COMBAT SHIP SYS 
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SIMULATED COMPONENTS 



m 



(4) V/eapons 

( 5 ) Monitor 
3# Outputs 

A. Missile Pire Control System 

( 1 ) Tracking monnt 

( 2 ) Mssile mount 

B# Gun Pire Control System 

( 1 ) Tracking mount 

( 2 ) Gun mount 

C# Sonar Fire Control System and Torpedo Mount 

B. THE SHiHLATED COMBAT WEAPON SYSTEM 

The Ship Comlat Weapon System described in figure 1 is very 
complicated. To analyze this system in detail for Fault Monitoring 
purposes is a large task, A representative system vill "be simulated 
instead (see fig. 2), The simulation vill contain Input, Processing 
and Output sections. By including one system with each function, a 
representatiye hut reasonably sized, heavily loaded system may still 
he simulated. 

The Naval Postgraduate School has the unique computational 
facilities of a large system simulation laboratory with three digital 
computers and one analog computer: the Xerox Bata Systems (XBS) 9300 

medium scale digital computer, two Adage Graphic Terminals AGT-10, 
and the Comcor CI- 5 OOO analog computer. Each digital computer is 
assigned a major task of the Ship Combat Weapon System while the 
analog computer (CI-5000) simulates the physical missile mount. The 
physical identity of the computers, the system functions and the 
computer programs may be identified in figure 3 * 
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SIMULATION OF THE SHI? COMBAT SYSTEM 
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The Adage Graphic Terminal computer nujnher one (Adage 1 computer) 
contains the Radar, the Ship processor and the Monitor programs# 

Adage Graphic Terminal computer number tvo (Adage 2 computer) contains 
the Combat System Decisions program# The XDS-9500 computer contains 
the Missile Pire Control System Program and the CI-5000 operates as 
the Missile Mount Simulation# 

Types of Data Involved 

Some typical types of data involved in a Ship Combat V/eapon 
System are shown in table 1# Each of the five sections of table 1 
are typical of the data that each system would contain# This data 
is utilized by the Pault Monitoring prograja to analyze the Combat 
System for the detection of errors# The fault monitoring program, 
will in turn pass this data to the Diagnostic program for further 
analysis and evaluation# 

The follov;ing types of data may be sampled for error detection 
and fault location by an indication of large jumps in the data# 

1 # Radar azimuth 

2# Target range and bearing 

5# Gyro position, azimuth, pitch, and roll 

4# Speed 

5# Intercept point 
6# Time to fire 
7# Time to go 
8# Launcher angle ordered 

9# Launcher limits, data sample rate and bearing 
10. Missile mount bearing and elevation 
formally, this data would be a continuous stream# 
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FIGURE 3 PARTITIONED EARWPJm * - Sir^ULATED 
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Table 1 



Types of Data in the Simulated System 

1. Radar Video & Processor 

A, Azimuth 

B. Target Data 
1 • Range 
2* Bearing 

2. Ship Information & Processor 

A. Gyro 

1* Position (Lat«, Long.) 

2. Axinruth (Heading) 

3* Pitch, Roll 

B. Speed 

5# Combat System Decisions 

A. Computer Status 

1. Memory Available 

2. l/O Channels available 
5# CPTJ^ s available 

B. Target Data (Speed, Heading) 

C. Total System Configuration 
4. Missile Pire Control System 

Am Intercept Point 

B. Time to Pire 

C. Time to Go 

D. Target Destruction Evaluation 
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(Table 1 Cont,) 



E, Launcher Angle Ordered 
P. Laxincher Lata Sample Rate 
G# Launcher Rearing Limits 
5# Missile Mount 

Rearing (0,©,0) 

R# Elevation (0,^,^) 

C# Operational Status 

1. Errors in Rearing & Elevation 

2. Lrift Rates 
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Another method of eiTror detection is hy the analysis of data 
outside of some physical limits, 

1. Angles greater than 5^0° or negative angles. 

2. Target data outisde of radar range or negative range 

5* Pitch greater than i 20° 

4# Roll greater than i 90° 

5# Ship speed greater than i 100 knots 

6. Acceleration greater than reasonable limits 

A few general rules may be given to assist in the detection 
of faults. 

1. Monitor data normally assumed to be continuous and smooth. 

\\dien large deviations are detected, an error has occurred. 

2. Monitor physical data and check for data outside physical 
limitations, i.e., ships moving faster tlnn 100 knots. 

5. Send test data to software subroutines and analyze the 
results. 

4# Send test instructions to the computers to check for central 
processing errors. 

The program interaction of the Ship Combat Weapon System is 
described in figure 4* Note the generalized une of the l/O package for 
data exchange between programs. This general use of a common program 
simplifies the automatic reconfiguration program. Since all programs 
have the same requirements of input and output, then data handling 
is the same. When data from one program looks the same to another 
program, then program relocation is simplified. A program may be 
moved from one computer to another without a chang3 to the l/O package 
program, lata sampling and fault monitoring also become simpler for the 
same reason. 
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FiaURE 4 SOFWARE PARTITIONING 
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2, Partitioning 



a# Hardware 

The hardware items of the simulated Ship Compat Weapon 
System were partitioned in section III into four major sections and 
many subsections* The four major computer subsystems liave become 
the main hardware partitions* (see fig. 3 ) Each digital computer is 
composed of subsections normally ascribed to digital computers; Central 
Processor Units (CPU), magnetic core, display units and input/output 
channels. Some items like Radar, Monitor and input data have been 
simulated with software routines for lack of the actual hardware 
devices. Because of the similarity of program size and overall program 
action, partitioning by subsystems is a reasonable choice. By 
monitoring critical data within these subprograms, fault monitoring 
of a subsystem becomes simpler than monitoring the system in total. If 
any critical data from the radar subsystem is detected as erroneous, 
the direct assumption by the diagnostic routine is that the radar 
subsystem is at fault. 

The analog computer contains a simulation of the Missile 
Mount and therefore, the actual gear train and motor systems are 
simulated. The logic control and l/O control are hardware accessable 
devices. 

Rote the similarity of the hardv;are items among the computer 
systems. This allows a more direct method for fault detection and 
analysis. Since all three digital computers have central processor 
units and all have modular computer core memories (or simulated ones), 
then they are similar for hardware partitioning. One module of a 
computer core memory could be used to replace another that contains 
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faults, Tho replacement could be in the same computer or in alternate 
computers. Automatic reconfiguration is possible with similar 
interchangeable subsystems. 

Table 2 describes the critical data points in the Combat 
System used to detect the various hardware errors. With data monitoring 
of these hardware devices, any error may be analysed to determine the 
actual device at fault, 
b. Software 

Programs have been partitioned into the same four major 
partitions as the hardv/are partitioning. Each subsystem function, 
such as Radar or Ship Information, is used to separate major partitions, 
(see fig, 4 ) The detailed partitions are different tasks within each 
subsystem function, such as Input data. Simulation data or Tracking, 
Because each partitioned prograrnning task is of approximately the 
same magnitude, relocation is greatly simplified. Upon software 
program reconfiguration, the first step will be to reload the sub- 
program at fault into the same computer as the one it first faulted 
in. If this fails, the program will be reloaded into another computer 
with available space, Softv,fare reconfiguration will be completed 
faster this way than by reloading the total system. 

The pertinent softv;are errors for fault detection are 
shown in table 5* ^ diagnosing any of these errors, the faulting 

subprogram may be easily determined in a short time. The subprograms 
may then be relocated by the system reconfiguration program, 

5# Interface Requirements 
a, Bata Paths 

In order to examine the exchange of data in a detailed 
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Table 2 



Hardware Errors to Detect 



1 . Radar 

A, Azinruth 

B, Target Data (range, bearing) 

2. Gyro 

A# Heading 
B. Pitch, Roll 

5. Pit Log 
A. Speed 

4. Memory 

A, Read, Write 
5# l/O Channels 
A. Parity 

6, CPH 

A. Incorrect subroutine ansvrers 
7# Missile Mount 

A. Launcher Angle 
B# Bearing 
C» Elevation 
D, Drift rate 
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Table 3 



Software Error Detection 



1, Ship Information 

A, Intercept Point 
B* Time to Pire 
C. Time to Go 

2. Radar 

A, Target Data - Speed, Heading 
3# Gyro 

A, Latitude 

B, Longitude 

C, Speed 
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maimer, the autuaJ. electix)nic interface must he minutely analyzed. 
Table 4 describes the interface eq.uipment that is involved in the 
system simulation program. Note the two different levels of core 
memory accessibility that are detailed for the XDS -9500 computer, 
(accessible and inaccessible). This is very appropriate since the 
modem modular computer system utilizes this techniq.ue of memory 
protection. Any data in this protected area of memory must first be 
accessed from inaccessable core and placed in accessa.ble core. 

Six levels of data accessability are described in table 
4 to account for all possible types of interfaces. Some computer 
systems may only have one or two levels; the more complex systems 
may include all six types. Systems of all complexities \i±ll be 
represented by these levels of interfacin.g. 

Table 5 lists the data paths and gives for each the access 
time, hardware path, interface interference and typical types of data 
that would be retrieved. The data paths are the same as shovm in 
table 4* The access times are the actual times required for both the 
software and the hardware. The first time specified is a fixed time, 
the second is the time for each additional access. The column 
described as "hardware path" describes the actual path the data takes 
throu^ the system. The ri^t arrow (-»-) shows the path of the data 
fj?om one hardware item to another as abreviated in table 4* The 
interface interference describes the interruption that the data access 
causes to the other hardware and software systems. The typical types 
of data retrieved are as described in table 1. 
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Tatle 4 



BMIBRPACE EQ,TJIPI«ffiHT 


COI-TPOIHINTS 

Abbreviation 


1, Adage memory (core) 


Ali 


2, Adage l/O program 


AP 


5# Interface box (Adage to 9300) 


IB 


4# 9300 memory, accessible ( 8 k- 32 k) 


XMA 


5 # 9300 memory, inaccessible (0-8k) 


XMI 


6 , 9300 l/O program 


XP 


7# Hybrid interface box 


HI 


8 . Analog Computer (CI- 5000 ) 


AC 



DEPTH OP DATA ACCESS (see taDle 5 ) 
(Based on Monitor in Adage I) 



1, Directly addressiDle 

2, Indirectly addressiDle 

5 . Programatically accessible (level 1) 

4* Programatically accessible (level 2) 

5# Programat ically accessible (level 5 ) 

60 Programat ically accessible (level 4 ) 



Adage memory (core) 

Accessible core in 9300 

Inaccessible core in 9300 

Alternate Adage core 

Analog data (DAC-ADC) 

Analog data indirect 

(by SCAB system) 
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t. A Specific Example 

Pig:ure 5 descri'bes a specific example of retrieving data 
from a specific computer. Note the complex path that is necessary to 
access this data, ten data transfers in all. This is to he expected 
in large rea.l~time systems and must he timed accurately. The data 
must first he reguested from the data sampling program located in 
Adage 1. This request passes through the XDS-9300 computer to the 
Adage 2 computer. The Adage 2 computer must then access the requested 
data and pass it hack to the Adage 1 computer via the XhS-9300 
computer. V/hile this data path is long, the majority of the time 
required is for program initiations that must he set-up (1*95 ^ sec). 
Thereafter, only a shoirt time (50 li sec) is required for each 
additional uorQ retrieved, i.e., 100 vrords may he transferred in 5 
m sec. 

4* Monitor Program Module 

The Monitor Program contains all items for Fault Monitoring 
as discussed. This program is divided into three related segments: 

(1) Program timing analysis and priority setup, (2) Data sampling 
and ( 3 ) Human operator interface. Each segment is independent, hut 
relies upon completion of related tasks. Upon completion of all tasks, 
the cycle of monitoring the total system is complete, 
a. Timing Analysis 

This subprogram samples the system usage of time to allow 
the most efficient allocation among the required tasks. Any time 
that remains after the required tasks have been completed is surplus 
time. In most systems, this surplus time is not utilized. For example. 
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EXAx^PLE OF DATA SAMPLING (Level 4) 
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if the timing analysis program detects three milliseconds of time left 
in a ten millisecond executive loop, it allocates as much of the 
three milliseconds to Fault Monitoring as is possible, The allocation 
of this time is used in three different modes, 

( 1 ) Jjifrht loading mode , V/hen the computer system is 
only li^tly loaded (say 50^), many fault monitoring tasks may be 
accomplished, V/ith this amount of time available, many monitoring 
tasks normally accomplished under maintenance dctm time may be loaded 
by segments into the computer memory from the disc by the monitor 
program. Since the probability of this lightly loaded condition 
occurring for a reasonable amount of time is high, many time slots 
allotted to the fault monitor may be utilized in loading fault 
detection and diagnostic programs for later execution. Execution 

of these programs in addition to those discussed below maintains the 
computer system at its greatest reliability. 

(2) Medium loading, V/hen the computer system is at 
moderate loading (say 60 ^), little program swapping of monitor routines 
is allowed. All major system functions are monitored and routine 
maintenance tests are performed on 3 .y periodically, a section at a time. 
By concentrating the monitoring function on detecting errors of major 
system functions, the up time reliability is greatly enhanced by 
insuring system operation. When an error is detected, a quick system 
reconfiguration reduces the Mean Time to Repair (MTTR) to near zero, 

(5) Heavy loading , Mhon a computer system is heavily 
loaded every millisecond is needed to maintain the system in operation. 
This is system utilization of about 90 percent. With such little time 
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available, most real-time multi-processor systems accomplish no soft- 
ware fault monitoring at all* The results is that the smallest error 
can cause the total system to fail. This is a very bad mistake! It 
is in this situation that on-line Fault Monitoring is needed the most. 
By monitoring only the most critical data points and completing this 
task over many time slices, an effective monitoring program can be 
carried out even under heavy loading, Tiiaing analysis is most 
important when there is very little time available. The process of 
dynamic time allocation can be shovm to be most effective for the 

r 181 

heavily loaded system,*- ^ When a serious permanent fault occurs, 
more time miy be utilized for diagnostic routines to accurately locate 
the fault. With the imminent prospect of system failure, the locating 
and correcting of the fault now has highest priority. Only very 
perishable data need be saved so that an operable system may be 
restored on system restart. Therefore, a computer system v/ith adequate 
fault monitoring will have greatly enhanced system reliability even 
during critical periods of heavy loading, 
b, Bata Sampling 

The data that is needed for fault monitoring is sampled 
tViT»nngVi the data paths and stored efficiently in core or disc. Re- 
dundant data is filtered and only data permutations are actually 
stored. This process reqiiires an intricate scheme for storing data 
since the core space and the time available are both critical. For 
example, the azimuth angular rotation of the missile mount is con- 
sidered to be continuous. Rather than store all data points over 
several seconds (about 5^0 points), only one data point need be saved. 
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This woxild be the ’’old” azimuth angle and would be compared to the 
newly acquired angle. The differ(5nce would than be compared against a 
maximum allowed difference. Whenever this maximum difference was 
exceded, an error would be generated. Th’.is only three words ("old" 
angle, "new" angle, and maximum difference) must be stored compared 
to possibly 500 . 

All data samples needed for alequate fault monitoring are 
grouped into sections, only those subprograms required are brought 
into core aaid executed. For example, the data elements (table 1) 
needed to be monitored for fault detection and the related extraction 
times (from table 5) are shown below. 



Data Access Time 

1. Eadar azimuth 8.1 sec 

2. Radar target range 8.1 |j, sec 

3. Radar target bearing 8.1 sec 

4. Ship latitude 8.1 p, sec 

5. Ship longitude 8.1 sec 

6. Mssile intercept point 370 p, sec 

7. Missile time to fire 370 \i sec 

8. Missile target destruction evaluation 370 p, sec 

9. Missile mount bearing 370 p- sec 

10. Missile mount elevation 370 p< sec 

Each data point can be retrieved individually or as a 
group. The access time of an individual data item is different than 
that of a group. The best method to choose is the method that results 
in the smallest average access time per data element. For example, by 



59 



summing the individual access time for data items one through five, 
obtain 40*5 M- seconds. Table 5 shows that if more than one data 
element of this type is accessed, the time of access is 15*6 seconds. 
Therefore by accessing data items one throu^ five as a group, the 
req.uired access time is 78*0 |i seconds. In this example, it is more 
advantageous to access each data item individually than by group. 
Similarly summi-ng the individual access time of items six throu^ ten, 
we obtain 1,850 }J< seconds. Again using table 5> we find that these 
same data elements accessed as a group re;iuire only 402 seconds. In 
this example, the data access time of a group is much less than that 
of the same items retrieved individually, 
c. Human Operator Interface 

The human operator interface module accepts the sampled 
data and analyzes the data for faults. Upon detecting a fault, the 
pertinent data is displayed to the operator as an alert. Requests from 
the operator are input into this module and displayed in the proper 
format. All human input actions, such as a light pen hit or function 
switch depressed are recognized by this program module and acted upon. 
If reconfiguration is requested by the system monitor 
operator, a system study is conducted by the reconfiguration program 
module to analyze the current configuration. Then the program looks 
up the entry in the reconfiguration table appropriate to the component 
which has failed and displays the recommended reconfiguration for 
operator approval, (see fig, 6) If the operator approves this 
reconfiguration, he presses a function switch labeled “accept” and 
the program continues and executes the recommended reconfiguration. 
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PROPOSED 



RECONFIGURATION 




SEMIAUTOMATIC MODE 

IP ACCEPTABLE PRESS ACCEPT 

IP NOT ACCEPTABLE MODIFY AS REQUIRED 



FIGURE 6 



If the system monitor operator disapproves of the recommended re- 
configuration, he may alter the display hy an appropriate manner and 
then order the computer to execute this nev^ configuration, 

5# Combat Information Center Program (SMUIA) 

A simulation of a Ship Combat Weapon System was programmed 
on the two Adage Graphic Terminals available at the Naval Postgraduate 
School, (see Program A and P) Three systems were simulated: (1) Combat 

Information Center, (2) Radar and (3) Ship Information. 

The basic purpose of this simulation was to provide a model 
on which to test the ideas presented in the preceding section for a 
fault monitoring system. The simulation provides an actual model of 
combat between a ship and an aircraft, A display of the position of 
the ship and the airplane has been incorporated to allov; visual 
following of the action. The simulation is programmed for the air- 
plane to approach and attack the ship, firing missiles at the ship 
when close enough. The ship in turn must detect the airplane, and 
make the decisions of hostility, of time to fire and of target 
destruction, 

a. Main Control and Combat Information Display (CICP) 

This program operates in one Adage Graphic Display 
terminal (see Program A ), The timing of the overall simulation is 
controlled in this module. 

The command and control systems purpose is to accept data 
from the radar simulation and make a decision upon the identity of 
the target. If it is identified as hostile, a "kill" order is sent 
to the Fire Control Computer System Module, Since the time req.uired 
for the decision process has a Poisson Distribution, it is simulated 
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by an constant eight second delay plus a random delay from an 
exponential random number generator with an expectation of four 
seconds. 

As the fire control module rotates the missile launcher, 
the missile launcher displayed on the ship moves in synchronism with 
the missile launcher simulation on the Concor . analog computer. After 
lock-on to the target, the combat system "launches” a salvo of two 
missiles. These are simulated on the Ada^e display as a pair of 
bright dots, one after the other, originating from the missile launcher 
and moving towards the target. If the missiles "hit" the target, the 
target explodes into many bits, simulated by many dots randomly spaced. 
If the plane launches a missile and "hits" the ship, the ship explodes 
in the same way. All missiles are simulated as nuclear type, 
b. Radar and Ship Information Simulator (RARAR) 

This program simulates the radar and ship information 
systems on the ship. It is located in one Adage Graphic Terminal, (see 
Program B) 

The radar^s purpose is to detect all incoming targets as 
soon as possible and relay information on range and bearing to the 
Combat System, Por the simulated radar, a maximum range of one hundred 
miles was chosen. The delay between the time that the approaching 
aircraft corsses the point of maximum range and the time that the 
target data is actually transmitted, has a uniform random distribution 
with a maximum of eight seconds and a minimum of four seconds. Eight 
seconds was chosen after considering the antenna rotational speed and 
the number of rotations required for the radar operator to confirm 
an actual target. 
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The Ship Information subprogram simulates the ship as 
moving on a steady course at a speed of thirty Imots. This information 
is passed to the CICP program and is used to move the simulated ship 
display. 

The radar simulator has a model of a simulated airplane. 

The airplane model moves at a speed of 5*^00 knots. The airplane 
starts on a course of 270° T. When it is within 100 miles of the 
ship, it turns to automatically attack the ship, 1-Ianual override 
controls are provided to control the course, altitude and missile 
firing. These are controlled by function switches adjacent to the 
display, 

6, Fire Control System Program (Mssile Mount) 

A simulation of a Digital Fire Control System and of a. Mssile 
launching Mount was programmed on the Xerox Data Systems (XDS) 9500 
digital computer and the Comcor CI-5000 analog computer. The Digital 
Fire Control System was simulated on the XDS-9500 computer (see Program 
C), The Missile Launching Mount was simulated on the CI-5000 analog 
computer (see Program D), 

The basic purpose of these sirnulations v^as to provide a Digital 
Fire Control System and a Missile Mount to interact with the simulatsd Ship 
Combat Weapon System on the Adage Graphic Terminals. The Digital Fire 
Control System was written in PORTBAII lY on the XDS-9500 computer and 
uses its hybrid capabilities to communicate with the CI-5000 analog 
computer. The Mssile Mount is simulated to act like a real mechanical- 
electrical missile mount, Dpon assignment of a target azimuth, the 
missile mount moves as a missile mount aboard ship would move. 
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a# Digital Fire Control System 

The digital fire control system accepts target information 
from the Combat System and converts this rectangular coordinate data 
to polar coordinates for the fire control missile mount. It must then 
order the missile mount to move from its present azimuth to the target 
azimuth. In a total analog system, this would be all that v^ould be 
required; the analog feedback system would effect the required movement. 
In a digital, system many improvements may be gained. Overshoot and 
time to rotate can be minimized under digital control. The digital 
control utilizes a modified ‘’Bang-Bang*’ approach that uses six phases. 
Each phase implements a separate portion of the task of moving the 
missile mount. With appropriate programming, the missile mount moves 
at the fastest speed possible with the smallest overshoot. Digital 
Control optimizes the control of this simulated large and massive 
Missile Mount as it does in the real case, 
b. Missile Launcher Mount 

The missile mount was simulated on the CI-5000 analog 
computer using hybrid computer teclmiques. The simulated mount consists 
of an amplidyne controlled generator that drives a large motor which in 
turn drives a 100:1 gear train connected to the missile mount. The 
amplidyne requires 35 volts per field ampere and in tum controls the 
field coil of the generator that can produce 25 amperes at 440 volts. 

The generator drives a 200 horsepower motor at speeds up to 11 50 RPM. 

The weight of the mount is 28 tons and may rotate at a rate of up to 
one radian per second. The resulting transfer and analog computer 
equations of the fourth order system are: 
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VJhere g - generator m - motor 

1 - launcher f - field 

a - armature K - constant 

Both azimuth and elevation controls are implemented on the 
analog computer and have "been verified to be similar to a shipboard 
missile mount. The analog simulation adds realism to the combat 
system and allows actual hardware items to be monitored by the fault 
monitoring system. 
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V. RECOMMENDED TECHNIQUES 



By analyzing the process used in fault monitoring in the simulated 
Ship Combat Weapon System, the overall technique should now be clear. 

By applying the following techniques, a Real-Time Multi -Computer 
Monitoring system may be designed to operate effectively even under 
heavy loading conditions. 

A. DYNAMIC TIME ALLOCATION 

The hardware and software data transfer rate between all hardware 
components must be accurately determined by an interface timing study. 
This may be accomplished by writing a simple program loop passing data 
betv/een the components. All critical data (critical to the hardware and 
software partitions) must be determined £ind listed as either hardware or 
software acces sable data needed for data evaluation. From the interface 
timing study, the time required to access this data may be determined. 
From this data list, groups of data should be determined so as to best 
fit the minimum time allotted to fault detection under heavily loaded 
conditions. This grouping must be done in conjunction v/ith the study 
of Partitioning. Wlien the final list is completed and all groupings 
made, this data becomes the basis of the data sampling program module. 

The timing analysis program module works directly with the data 
sampling program. By analyzing the system resources, time allocation 
may be distributed to a number of data sampling group subprograms and 
data analysis programs. For example, two milliseconds may be allocated 
to monitor all critical data points of the radar system. 
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B. PARTITIONING 



The nmlti-computer sys-tem must he pairbitioned into hardware eind 
software logical suhelements. By determining the degree of recon- 
figuration possible, e#g*, the number of CPU’s, the degree of partitioning 
becomes known in part because partitioning and reconfiguration are 
interrelated. Both must be determined together in order to optimize 
system resources. If two partitioned elements may not be used inter- 
changeably for reconfiguration, then the partitioning is too small. 
Partitioning must also consider what data inside a proposed subelement 
is critical. Normally each logical element of a multi-computer 
system has a number of data elements that can be used to determine when 
the logical element has failed. These data elements are the critical 
data points of this partitioned logical subelement. 

If a computer program is critical to the operation of a mxilti- 
computer system and has no replacement, then a siiQulation of the 
program should be included in the system, A simulation of a program 
may be a smaller version of the replaced program or it may be a du mm y 
program that allows the total system to remain operational at a 
reduced level. Then a software fault in this program, that can not be 
corrected by the relocation of the program, may be corrected temporarily 
by the use of the simulation. While the simulation is maintaining 
the system at a degradated level, the error in the program may be 
corrected and the program then reinstated into the system. 

After the system has been satisfactorily partitioned, the subsystem 
elements become the system status list. The logical connections (l/o) 
of these partitions are then also fixed and inserted into tables in the 
reconfiguration program module. 
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C. FAULT RECOGITITION 



Since the critical data has been detenMined omder the study of 
Dynamic Time Allocation, only the method of fault recognition remains. 
Software errors are only recognized by software routines, but hardware 
faults are best detected by a combination of hardware and softYfare, 

If hardware devices are present to detect the faults, then they should 
be used in preference to softv^are routines as hardware detection is 
much faster. If some faults require an exorbitant amount of time to 
be recognized in softv^are, then the use of special purpose hardware 
registers and fault detectors should be studied. Special pxirpose 
hard\7are fault detectors operate at a mucli higher speed but may be 
more expensive than softv^are subroutines. 

Permanent faults and errors may be detected and analyzed by hardv/are 
or software, but transient faxilts and errors may only be economically 
analyzed by software routines. Provisions for detecting and analyzing 
transient errors must be included in the system. 

D. DIAGITOSTIC ROUTINES 

Diagnostic routines become smaller in fault monitoring programs that 
recognize faults at the subsystem level. Normally a fault may be due 
to any one of hundreds of likely components. All components must be 
diagnosed to determine which component is at fault. Since any sub- 
system may only have from three to five critical data points (for 
example), the diagnostic routine necessary to locate a subsystem error 
may be simpler in design. 

Normal diagnostic routines, used to diagnose computers and special 
hardware devices, are utilized in this fault monitoring system also. 
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Since most of these routines require run times of minutes, they must 
he segmented into logica.l time elements that may he called hy the 
system dynamic time allocation routine and executed when the computer 
is lightly loaded. In this way complete diagnostic analysis of the 
total multi-computer system can he accomplished. 

E, SYSTEM RECOIIPIGMATIOH AID) PEESHITATIOII 

Items A-D above compile all the necessary data for system re- 
configuration and presentation to the System Monitor Operator. The 
system status list that was generated from the study of Partitioning 
may now he used to determine when and how a system might he reconfigured. 

A set of possible configuration lists or oven a program that computes 
an acceptable reconfiguration is available for the use of the recon- 
figuration program. V.Tien requested, the program studies the submodule 
that has failed to see if it is on the current subsystem active list. 

(see fig. 7 a sample list) If it is, it removes it and places it 
on the non-active list. The program searches the possible configuration 
lists until it finds a match with the current subsystem active list. If 
a match is not found, it notifies the system monitor operator and 
halts. Before continuing, if the semi-automatic mode is set, the 
reconfiguration is presented to the operator for approval. In the 
automatic mode, this step is omitted. By resetting the logical inter- 
face list, any faulty input/output ports are bypassed. If needed, a 
program may be relocated (by relosiding it). If the fault is programmatic, 
a suitable simulation program may be loaded to replace the faulty one. 

The type of presentation displayed to the monitor operator depends 
upon the equipment available and the system being monitored. Since 
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EXAJ^IPLE OP A StmSYSTEM ACTIVE LIST 



ACTIVE 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

yes 

yes 

yes 

etc. 



COKPOKEINT (see fig, 3 ) 

SHIP DATA 
MONITOR 
CPU #1 
CORE 1a 
CORE 1b 
CORE 1c 
CORE Id 
DISPLAY 1 
INTERFACE 1 
INPUT DATA 
OUTPUT DATA 
CPU #2 
CORE 2a 
CORE 2b 
CORE 2c 
CORE 2d 
DISPLAY 2 
INTERFACE 2 
DAC 
ADC 



etc. 



Figure 7 
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the data to be presented is volmninous and time critical, any mecahnical 
device would be too slow. Some type of Cathode Ray Tube (CET) with 
function switches and maybe a type^^riter input is needed* Then the 
fault, its location and recommended solutions can be displayed 
simultaniously* The recommended re confi ^ration presentation can be 
either displayed as a logic diagram showing the reconfigured components 
and their links (see fig* 6) or the two lists (old and new recon- 
figuration lists) can be displayed side by side. Because of the rapid 
visual assimilation by the operator of the displayed data, rapid 
decisions may be made# 
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30*41 ARXO’F [AMD TO DISPLAY 

30*42 ARf^D SIMF4 [DISPLAY TARGET DISTROYlD 











o 


,-H 


fVl 


fO 




in 


ijj 


vO 




































vO 


r>x 


OC 


o^ 


x-4 


x-4 


x-4 


x-( 


x-l 


x-4 






Lx. 


































L- 


Li_ 


Lu 


Lu 


Ia. 


b_ 


U- 


li_ 


Ll. 


Lx. 


CD 


tx. 


I~ 


















o 


o 


o 


0 

0 


0 

0 


o 


j: 


r. 






5: 


5: 


X 


5: 


i- 


5 


CD 


5: 


(J) 


o 


0 

0 

0 


o o o o 


o 






































_J 




Lxl 


































C/D 


cn 


CO 


cn 


CO 


CO 


if) 


(O 


(/) 


U) 


lx 


CO 


nr 


















o 


xH 


Cb 


n 




in 


vO 


r- 




























X— 4 


OJ 01 




Lf-) 


vO 


r>x 


00 


OA 


x-4 


x-4 


x-4 


x-4 


r~4 


^ — < 


x-4 


x-4 


O 


o 


o 


n 


o 


n 


o 


o 


Q 


O 


or 


o 


or 


Lx 


Lx Lx 


Lx 


Lx 


b_ 


Lx 


Lx 


Lx 


Lx 


l... 


Lx. 


Lx 


Lx 


Lx 


Lx 


Lx 


5. 


>1 


5: 


:e: 


i- 


z 








2-’ 


<c 




•— < 


2l 


^ 5 






21 




>_ 


5:: 




5 


5L 


If 


X 


y 


X 


5 


q: 


O' 


a: 


or 


or 


or 


or 


a: 


or 


or 


Q 


or 


o. 


*— € 


»— 4 t « 


*— * 


.--1 


k— t 


»— t 




»— e 


1 — 1 


t— « 


*— • 


X X 


•— * 


I— « 


*— « 


•— < 


< 


<c 


< 


< 




< 


<c 


< 


< 


<; 




< 




CO 


CO CO 


to 


(O 


CO 


CO 


to 


CO 


U) 


CO 


CO 


if) 


CO 


CO 


CO 


CO 



o 



rom^LDvor-o-^ojrn^f invor^O'rHrufn^ invO 



r-l » — I T — I X— ♦ X— I X -i »— C X — t x-H xH x— I x— < x— » x— 4 x-1 x— 4 x— 4 x— 4 x— 4 x — I x— 4 x— 4 x — I x— I x— ( x— 4 x-4 x— • x I x— I 

CO cn ro CO CO r> ro m fo c’O r' n ro n D rn o~. 0; m fo o) CO r? ro m n n n 



77 



31*37 SIMF18; 

31*40 sir^Fi 9 : 

31*41 FCS3F: 

31*42 T0RP2F: 

31*43 THET2F; 



CL 



















CO 










cu 




_J 














o 


D 


Z 










o 




L- 














o 


-) 


•— « 














Z 










o 


o 






cn 














(D 






O 


O 










I- 










-• 




U 




T-i 












_J 


cn 


Lx 








(O 




lx! 


o 






• • 




n 


Lxl 


H- 


d: 


Lx 


Q- 






z 


z 


QC 




• • 


•• 


Lxl 


IxJ 


Lxl 


X 




X 


CJ 


3 






►—1 


GJ 


►—1 


• • 


Ixi 


z 


5: 


X 


> 


» — 1 


CTj 


LJ 


LJ 


CO 






cr 


LJ 


li_ 


CVJ 


Z 


LxJ 


*— t 


1 — 1 


►-I 


1— 


U 








CL 


CL, 


L- 






h- 


<D 


»~ 


1- 


h- 


»— 


Q- 


IxJ 


O 


cr 


cr 


CL 


CL 


(O 


OC 


IX 


LJ 


CD 




>: 


> 




CO 


Cl 


> 


CO 


CO 


CO 


CO 


cr 


in 




X 


_1 


• — < 


►— « 


t — t 


•— « 


►—1 


►— « 


Ql 


d 


CL 


►—I 


*— « 


X 


CL 


o 


h- 


Lx 


CD 


(/) 


CO 


CO 


o 


Lx 


<C 


“> 


~) 


CJ 


o 


u 




X 



LU LJ 

> > 

• < C 

(/) cn CL 

CL uj o u. CO uj r 

xcr lx. a r7rcrojz)_J 

3 ^.^CJ)Z> thO— LJ-)- 

-)Lx_JLJC/) DrULuLx C 

- to OC/ Lxl •• - 

••of^rL'rcLD.corrcrQrijL.LJ 
OJ >. O CO CD CO LO x: t/} <C •- Lx — o 
ucr OCxCL — — DQ-QQvDO-rH 

Lx <c -) "j o o z: "> ^ j LJ r • 



o^^u^o-^^L^^c^vo»^c^J^ 04 ^ mvor^o-rHcuco^invo 
-r-iCuro^invor^w^^^^^^^fLjcuajojojcuojcvrororomcoojro 



(xjcxjnjrucvirucvjojaifuojajfuruajroojrDrvjrurufurLjcurvjrucycvsajru 

rocnrococ'0(^mrorornrocrroromroro(^!cnroromfomro(^)rof»iron 



78 



32t37 mdIO’A’L 

32. AO 776JH 

32. A1 MDIR C0FF 

32.43 con: jump 

32.43 MDlO'e^L 



o 

UJ 

h- 

LJ 

LJ 



LU 

c:i 



M 

CD 



i .0 

7 ^ 

































X 


X 


X 
























































■-> 




























• 






















0 


0 


0 


0 






























Q- 


vD 


X 


X 




D- 


CL 


ID 


CL 






0 


0 


0 




0 


0 nO 


0 vC 0 




0 0 OJ 


- 3 - 


0 


0 








a. 


0 


ro 


3 


3 


0 


3 


3 


ro 


0 




• • 


0 




0 




hs 


0 T-< 


^00 




0 


fVi 


00 


0 


fO 




-1 




X 


CO 


h- 


CO 


CO 


rv 


CO 


CO 




CO 


0 . 


LkJ 


vO 




^c-i 




vD 


0 CVI 


CU vD --i 




vO 0 sO vO 


tO 


a 




•- 


0 


Z) 




rv. 
















TD 


> 


cu 


CM 


ro 




LO 


0 <r-« 


0 cu ru 




LO 0 








vO 




(D 


0 




•— « 




X 


•— 1 




X 


»— I 


fv. 


X 


CO 


< 








0 0 0 LO 


fU -;r ^ 


000 










X 


— 






— 




— 


— 




«- 


— 




— 




CO 


It 


II 


II 




0 


0 (V: 


0 0 ro 




CD 0 


aj a' 


CJ- 


ro 


> 


U 


or 


•• 


O' 


0 


ct 


cr 


0 


Q! 


X 


0 




fV 


Ui 


vO 






• • 


m 


no 0 m IT) ^ 


» • 


00 00 


I— t 


rvj 


10 


aj 


vO 






X 


<4 


r 


< 


< 


:i: 


< 


c 


X 


< 


• ! 


O' 


0 


0 




CVJ vC 


^ OJ 


vo vD aj 


r^) 


vO 


C<J 


vC 


(M 




rv 


£3 0 0 


0 


Q 


or 


0 


0 


cr. 


0 


0 


Q: 


0 


0 


»— 1 


0 


CjC 


0 0 




fu 


tu OJ CVJ 


0 


fv. 


(VI 




0 LO 








(/) 


X 


< 




?: 


c 


5: 


X 


<r. 


5 


X 


Li- 


X 


< 






0 


«-» LO 


^ ^ LO 


r*: 


0 »-H 




10 


a 


-j- 



o»-*njro-:t-if)vcr^o-rH(Vjrn^Lnvor^o«-'rum^ir)\or^o»-^tvirn 
*-H(vjr)-^Lnvor^»-i^^^^w,-«--icvj(\‘fuajcv!f\jf\jfvjDnn(’')ponmro^-d' -:t -4 

m cn a vn CO Cl cn c) ro d o o vn m ci m o o cn m m cn o cn cn cn m m c:> o a vn cn 

CD r> po c^i m ro fo fn fn f^> m (Y) fr; ro rn m n ro n m rn cn n ro r 05 n n m 00 f>T' 



79 



0463005670 



(/) 

u 



to 

llJ 



bl 

CO 

tr 

c 



to 
to 
— ■ 

(D y 



V 

LJ 

(D 

_J 

I » 



b.1 

CiT 



O 

ixl 

> 

(TJ 

tr 



to 

Lil 

Q 



to - 
UJ to 
10 CO 
_J U) 
< 

> I- 
X 
V CO 

X cr 
oo 

Til Q. 

X 3 



o 


vD 


vO 




o 


O 


vO 






O O OJ vO 


OJ 


O 




o 


o 


o 


OJ 


OJ 


o 


o 


o o 


o 


O 


n — 1 






o 


o to 




rv 


o ^ 






o 




h- 


o 


in 




o 


in 


o 


o 




o 


vO 


ru 




vC 


o 


vO 






vO 


O OJ vO 


OJ 


o 




vO 


o 


vO 


vO 


OJ 


vO 


o- 


o 


• • 


o 


O 






in 


o 




r\ 




in 


o ^ 


-:?■ 


vO 


o 




IT) 


o 


T-« 




(U 


OJ 


in 


o ^ 


o 






o 


o 


o 


•4- 




o o o in 


-J" 




o 


o 


O 


o 


in 


in in 




o 


o 


or 


o 


■d- 


D 




c 


o 


o 


^ — < 




o 


o o, 


O' 


O I 0- 




o 


CJ 


ri.. 


vO 


CJ) 




o 


O LJ 


to 




OJ 


• • 


to 


00 


to 


o 


• > 


to 


to ru 


O' 


OJ 




• • 


ro O) 




to 


o 






OJ 


CO 


•:}• 


OJ 


vO 


in 


v£j 


-J- 


ru 


m vc 


V*J 


^ OJ 


OJ 


vD 


ru 


0- 


vL' 


<h 


OJ 


(\i 




OJ 






>: 




tu 


cO 


o 






O S) 


o 




Ov O) 


o 


»— t 


o a 




Ov 


OJ 


r-t 


OJ 








Z) 


r-t 


LT) 




_< 


o 


^ — < 


OJ 






o 


•r-l 


OJ in 


o 


_5t 


O 


< — ( 




m 




in 


o o 







o--«ojco^invDrN,o«->rvjro-ctinv£>r^o-t-<rvirn^Lnvor^O'.-Hajro 

THOj(Y)^-if>*£)rv.^^«-i^www^aja't\ifxjfViOjojfvjtororocor)rr)fOfo^^cf4}- 

to ro to m to r' to ro ro r; to d to r) o') m o) o'- to to to to rn oi to oo o' o') oi rj to m to 



80 



?Q232^^630 i ^,IL£S^ Tl^E = 

4264600000 

0463005710 [NEW X/Y VALUES 

5222246612 

2C17P20000 



3 

QJ 

rr 



-p: 

q: 



ijj 

X 

u »- »- 

UJ O) 

(/) til </> 



O CO 

^ — 

< - X 



o 



(VJ 

q: 

itj 

CD 

51 

3 

2: 



o 

vO 

aj 

vO 

aj 

o 

o o o o a' 



< 


X 




t- 


CD 




< 


m 




o 


•» 






a 




a 


a 




(D 


X 






•» 




O 


o 


3 


X a 


CJ 


X 


Ixl X 




OJ 


*-» <T5 


o 




CD 


3 


X 






— 



ar 



q: 

a 

w 



cif (n q: 

o c a < ^ w 

o o a o > LJ 

o T. p: CD >: t- cj 

O 3 >- CD X < 

o-*(/)cz»‘toax 
X 3 a 

OCD2?a •**— OCDO 
oai<co2:x2-X2 
0(na*->3c/)aaa: 
O O. 3 O CO ^ <c < < 



CJ 3 
U 3 CJ 
C LJ U) 
> CO CO 

o a n 
2 c 2. 
a o a 
< >: < 




T-» 33ia^-;r<voa'r^a 

H-aiaiftzxa xaxo. xa 

3++ CDCOXCOXCOXCOCD 
rr • • X CO 3 'th x3-t X X 
► LJ 

acoaaorcoacoacoaco^- 

<32 <<3<3<3<3— ' 
oa3aoaoaQaon_< 
J 33<2 3X3X3 2 3C0 



o»-«a>ro3mvC'r^O'r-frof^^iDvor^O'rHajro-^-LnNor^ 

»-^a'^o-:^l^)^o^v^^^»-^^«-♦^^a'Cvsaj(\JajcuoJCxJ^oo^^o^o^o^oa>a) 



LT> in m in in li) Lo lo LD in ID lo Xi in to LO ID LO LO ID in ai iT) Lo in IT) in in m 
ro ro D ro ro CO a> ro a) (o a* ai a a a a a f’’> a a a a a aj a a a a c’^) a 



81 



35.40 N^DAR YAWl 

35.41 YDAS’N YAW 

35.43 ARMO YAWl 

35.43 TURNR4: JPSR SNCOS 



Q 



<D 



IJ 

UJ 

tr 

GC 

Q 

<3 

LlJ 

Z 

a: 

cr> 

b_ 



CO 

>- 

< 

_j 

Cl. 

CO 



X 

UJ 



































OJ 












1— 












































CL 












0 












































Z 












CO 


































U 










cr 














































OJ[ 










3 














































c- 










H- x-« 








•cH 




u 


































U! 










•k yi 








3 




u 












o 






















X 










^ < 








< 




CD 


U 










OJ 






















J- 










3 X 








Z 




X 


> 






































00 




CL 












u 


J- 








O 


• • 












UI 










CL 






1 




CO DC 








DC 




h~ 










O 


z 


(f) 










z 








00 


< 






3 


ID 


< 








<. 




L—t 


CL 








o 


UJ 


CD 










«— I 






«— # 


CL 


o 




U 


CL 


CL 


n. 






CL 


ro 


CD 


3 


< 


CJ 


5 




o 


h~ 


CJ 






_l 


z 


CO 






_J 


z 


z 




z 


z 


Z 


U T 






z 


z 


CD 


CD 


O 


> Q 




nO 


Q_ 








UJ 


Ui 








UJ 


CL 




OJ 




DC 


CL 


lx. 


Z 3: 


CL 




U 




5 


t- 


Z 


3 






X 






> 


»- 


X 






> 


3 




+ -f 


J— 


3 


3 


o .• 


< 


c 


3 


•• 


z 


• • 






c 


«. 




_J 






X 


X D. 


> 




T 


> 


H 


*-< 


• • 


z 


J- 


J- 


X ID 


Z 


Z fc< 


to 


00 


• • 


Z 


CL 


CD 


3 


— 


o 




— 






o 




>- 






CL 










U DC 








CL 




DC 


J- 


— 




— 


Ov 


a: 


OJ 


CL 


DC 


O CL 


ru 


CL 


DC 


cy 


CL 


z 


CO a. 


DC 


CD 


Q. 


J- Z 


d 

G 

S 


Z 


fL 


z 


X 


o 


CL 


CL 


Ov 


< 




CD 


<C 




c 




aj 


< 


z 


2. 


DC 


3 z 


C 


3 2- 


£V 


c 


5- 


Z- 


u 


CO CL 


Lu 


z 


CD 


<r 


r>. 


Q 


ID 


OD CL 


q: 


O LO 


CD CL 


cr 


3 


3 CL 3 O 


CL 


3 


Z 3 


o 


DC. 


3 


3 


X 


3 


Z 


X 


Q. 


O r»- 






2T 


< 


< 


5^ 




z 


< 


< 


3 


J— 


3 3 




3 3 


C/) 


> 


< 3 


J- 


3 


1- 


V— • 


< 


3 Z 


rv 



o th cvj ro ^ LO vD o »-H oj rj ID vO r" CD oj ro ^ m vti 
<rHOJ004riDvor^<r-t^^^T-<^-i^^aicu(ViaiOJOjruojro(ororocororo 



vf) vOvCsOvDv0^vO\OvOvCvCvO'>DvO'C vOnOsCnOvOnC v£)vO\OvOvOsO\OvO 

CO CO m CO m ro c^! r) ro r) m ro n or* m 00 r^i CO ro ro (n ro ro ro r' r> 



82 



36*37 ^^DAS’F»N 17777 

36. AO ^iOAR»& Cll 

36.41 AR^"!0»H SHTVl 

36-42 1SH4: I^DAR J3LK CPLANF 

36-43 ARMD XP0S1 



C3 

O 

< 



5 " 

OD 

(T 



O 

C 

Ui 

or 

q; 

ai 

b 

O 

Lil 

O 

n 

<: 



OJ 

X 

CO 



X 

Q 

CO 



o 

C^J 

X 

CO 



u 

II 

CD 

X 









0 








«-« 












CJ 








OJ 


r~* a 








»- 




a 


a 


a 


a 


K- 




-f 


»-» 


+ 


+ a; 


«— < 






a 




cn 


CD 


ID 


do 








CO 


V 


^ V a 


h- 






>- ^ 


a; 


CD 


(D 


(D 


(D 


?ic 


h- 


_J 


CD 


_J 


s: ^ a 


a 


CCI fU 


X a 


X 


X 


x: 


2! 


2 ?’ 


CO 


a 


CQ 


a 


CD 


< CD CD 


V 




+ 


X 


CO 












X 


“) 


>- 


“)>--) 1- 


X 


• 


» 


X D) 














X 




















0 


0 


a 


x~i 






a 


Q 


a 


G 

G 


CO 


a 


a a 


CO 


•d" 


d 


-d- 


% — 1 


a 


< 


X 


< 


2 - < 2 . 


c 


_i 


X 


< < 


_l X 


X 


X 


X 


X 


c 


0 


X 


0 


R 

D 

R 

D 

P 


X) a 0 


a 


CO 


CO 


CO 


CO 


CO 


0 


X 


< 




< 2 _ C 


X 


~y 


~) 


< X 












«-• 


2 



Ll. «■"< * 

CVI 

a. cj 

cr a Q, 

CD 0. H- 

^ h- CO 

< '-a 





< 


a 


Ch 


a 


a 




< 


■«"« 




0 




0 






0 




a 


a 


X 


cx 


<C 


a 


a 


o> 


h- 




a 


v-l 


a 






a 


« — 1 


X 


a 


X 


X 


0 


X 


a 


X 


a 


a 


X 


1 “ 


X 


< 


a 


X 


X 


CO 


X 




CO 


X 


CO 


(D 




a 


4- 




_J 


CO 


H- 


4 


D) 


a 




X 


X 






1 -H 


X 


• * 


X 


• 


x-t 


a 




a 




t-H 


h- 






— 




e» 




u 


a 




















CO 


a 


Q 


a 


a 


CO 


\— 


a 


a 


CO 


a 


a 


CO 


a 


(O 


a 


0 


_J 


< 


2 


2 - 


X 


_J 


*— • 


X 


c 


_l 


X 


< 




< 


-J 


2 


X 


a 


0 


a 


Z) 


CO 


a 




CO 


0 


a 


Z) 


Q 


a 


0 


a 


3 


a 


•X 


2. 


< 


~) 


*-l 


“> 


CO 




X 


"> 


~) 


2: 


") 


X 




z> 


< 



o*-H(vjm-:rir)'Or>KO-rHCViri-;r-Ln'X3r^o*-iaim-4-iDvcr^O'rHroro 
cur)-4-iDvDr^-.-i-.-*-^-r-4^^wwojc»jcu(Xja'arvjcvjr^)mrofnror)roco-4^ -d- ^ ^ 

ro cf> ro ro ro fo ro rn rn m ro ro m ro ro CO ro O') a- ro fo f») fo ro m CO r; (o ro fo CO ro o r^) c'l 



83 





















2: 










V 












V 














V 












V 






















Id 










CO 












in 




«-( 










(/) 












in 




■r-i 


















►— 




Ld 




T— t 


< 






2^ 




>r*H 


< 




2: 




Ld 






< 






z 






< 




I- 


«— 1 






»-i 




or 




o 






2: 




LO 


2: 


fd 




V) 




t/) 


2 '. 


a 


Ld 




Z 






2 


a 




Cd 




_1 


21 


a 


u 


i: 






5 ~ 




»— 






2: 




*— * 




ID 


< 


2 ' 




C 3 




CD 


< 


2 


h- 




t—t 




Ld 


< 


T- 




CD 




a 


< 


2 


0 . 


Ld 






Ld 




CL 


or 


T—l 


— 


in 


CO 




a 




a 


CO 


0 




a 




Ld 






in 




> 




Id 




U 




> 




a 


h- 


1 — 


C 




I— 


X 


_J 






X 


a 






> 


X 


\— 


a 






X 


X 


1 — 


X 


at 






X 


X 


> — 


a 






X 


X 


X 






h- 






Ld 




a 






CD 


~T 






•“ 




CD 


X 






— 






> 


X 






— 




> 


X 






— 




X 


*— ♦ 


Ll 


Ll 


►— * 


h- 


♦— « 


_j 


_J 




a 


■> 




X 


< 


X 


0 - 


■> 




X 


<t 


(D 




i— 






X 


< 


X 


K- 


■> 




X 


< 


(D 


•- 


— 




— 


— 




— 




- 


— 




0 




— 


— 


— 




0 




•- 


— 


— 


— 




0 




*- 


— 


— 




0 




— 


— 


— 


cr 


a: 


o 


tn 


O 


cr 


O 


o 


a 


0 


a 


aj 


a 


Ul 


a 


r> 


a 


a- 


a 


Id 


a 


a 


0 


a 


ai 


a 


Ld 


a 


0 


a 


a 


a 


a 


a 


a 


< 


< 


5 _ 


X 




<c 


>. 




< 




< 


■:*■ 


CD 


< 


< 


X 


< 


-;r 


CL' 


<. 


< 


< 


X 


< 


d- 


Cj 


< 


<i 


2 _ 


< 


d 


q: 


<t 


< 


< 


q: 


o 




a: 


a: 


o 


ir 


nr. 




a 


0 


in 


CD 


0 


cs 


a 


0 


in 


CJ 


0 


0 


a 


a 


Q 


in 


CD 


0 


0 


a 


Cl 


in 


CD 


0 


0 


0 


< 


5 T 


c 


< 


< 


5 


< 


< 


> 




2 


▼— t 


2: 


2 


2: 


< 


2 


»-( 


z 


2 - 


2 u 


2 


< 


2 


»-t 


Z 


2 


2: 


< 


2 


r-< 


Z 


2: 


z 


2: 



o-rHcum^ invor-o-r-ipjcn^j- iDvor^o-n-*cv r^^invDr^O'.-fajr: 
--•(vjm^in'Or^-r-i^w^^^'rH^cvjojojajoJOjajcvjnnf’')fnnnnm<r4f^^ 

ooooooooooooooooooooooooooooooooooo 



84 



X 

LlI 



cr 

I— 

a. 



cn 

Ll 

X 



X 

CO 



{/) 

CD 

a 

X 

































a 


















0 


Ui 






















»— » 










»- 


















a 


X 






















— 










a 






2 : 












X 


CD 






















a 










x^ 






aj 












•» 


CO 


v-» 




















< 










a 


»- 


— 


h- 












_i 




2 : 










0 










0 










• — . 


CD 


a 




2: 










CJ 


X 


ai 






a 












0 X 




< 




ai 


X 


a 


< 


Q 


ai 










CO 


— 


t — 




h- 


< 




■ » 














0 




h- 


CO 


x-l 


0 


X 


CO 




X 




> 


CO 


CTi a 






_J 


o 




a 








• * 


•• 




a 




< 




a 


X 


a a 


»— 4 




0 


X— ( 


Q. 


V— 


(T^ < 


X 


h- 


a 


2: 


X — 1 


1 — 








a 


H- 


OJ 


X 




»— 


X 


►-4 




— . < 


Q 




to 


2 


> 




X 0 


— 








r 


a 




x~« 




H- 


CD 


+ 


CO 




CD 


— 


X 


»• 


X 




1 


n 


IjJ 


CD 


X 


CO X 


*— e 


a 




•>» 


X 


_J X 




1 


_i a 


a 


• 


X— • 


X 


a 


*— t 


CO 


C CO •• 


X 


• 


0 h- 


ai 


c 


X--* 


— 




— 


0 


X— 1 


— x-4 


— 


t-H 


— 


x-< 


X — 1 






— 




— 




0 


f 


- 










_J 


>• 


o 


a 


o 


a 


Q_ 


0 a 


a 


a 




a 


a 


CO 


a 


a 


a 


0 


a cvj ir> cvj 


a 


X 


Q 


a 


0 a 


D_ ID 


2^ 


< 


X 


X 


►— I 


X 


c 


t— . 


X 


►— I 


t—t 


_] 




c 


CO 


X 


2 . 


X 


0 X 


< 


< 


X 


< 


X 


to 


X X 


a 


o 


a 


Lf) 


X 


a X 


0 


X 


a 


~r 


X 


a 


3 a Ci. 


a 


Z> CO 


C 5 CO 


Q Q. 


a 


0 


a 


—t 


3 C/) 


c 


2 


<t 




O') 


< CO 


2 


CO 


<c 


CO CO 


”) 


< 


~) 


<i 




x-t 


X ^ 


X 


"O 


<c 


2 


<t 


0 


3 



^ Oj ro -4^ 



o 

IT5 vO •r-t 



x-H «-i rH ^ w ai ai <\j a< oj cvj ru oj r^) ro ro ro n m 



4#- 



85 



41*37 ARr-^D»0 INIT 

41.40 JUMP 1SH99 

41.41 1SH6: MDAR’X HYPAl 

41.42 JPLS 1SH99 

41«43 mqaR HYPRB 



CD 

0_ 

>- a 

as cn ^ ZL X 

+ + + + _J bJ 



x-i 








V 






a 


a 


a 


Sj_ 


a 




a. 




X 








X 












CXJ 




«~i 




- 










tD 




to 




CO 






a 


a 


X 


CD 


Cj 




CD 




— 








a 












1 




X 




a 






a 




CL 


yz 


< 


-C-f X 


< 


»— 1 




X 


X 


CD 


X 


X 




X 


o 


a 


o 


5“ 




> 




»-4 








• 




a 


O'. 


< 


a 


T— 4 


< 


a 


X 


Q 


>“ 


(/) o 


X 


CO 




a 


Q- 




a 


a 




a 


n 


< 


ro 


Q 




iij 










^ — f 




X 


X 


cr. 


o 


CD 


a 


o 


X 


X 




< 


(D z: 


c 


CD 






«-» 


X 




r-« 


x—i 


^ — 1 


X 


n 


X 


X 




to 




o 


«-l 




X 


CD 


a 


X 


X 


X 


X 


X 


X 


ai 




< 




CL < 




a 








— 










to 


X 


CO 


< 


X 






z 


+ 




CO 


— 


X 




to 




a 


CO 






Z 


o: 


< 


X q: 


< 


X 


a 


a 


X 


3D 


a 


a 


a 


X 


•«-< 






a 




< 


_J 


a 


• 




X~1 




X 


X 


»-l 


• • 


^ — < 


■»-* 


• * 


X 






































o 






















o 










o 


CL 


CL 


O CL 


a 


o 


CD 


o 


o 


CL 


o 


o 


to 


o 


a 


X 


to 


a 


o 


a 


a 


a 


o 


a 


X 


O 


a 


o 


a 


O’) 


ID 


a 




o 


X 


{/) 


C 


X (.0 


c 


X 


X 


X 


X 


< 


X 


X 


< 




X 


X 


_J 


a 


LD 


< 


< 


c 


X 


CD 


<: 


>:: 


<f 




X 


X 


O 


y 


X 


X 


CL 


CL 


o 


a: a 


o 


a 


a 


a 


a 


O 


a 


a 


Q 


a 




CO 


a. 


a 


X 


o 


o 


o 


a 


CD a 


a 


Q 


a 


ZD 


CO 


O 


3 


to a 


< 


~> 


>1 


c -) 


i: 


< 


c 


<t 


< 


2 


c 


<t 


X 


<f 


"O 


t-« 


“) 


X) 




2l 


X 


X 


< 


X 




< 


X 


<r 


-> 


r-l 




—> 


T-f 


< 



o«^a!^o^lf)^o^-o-«-toJfn^LOvo^^o^ain■;^Lnvor\0'^^xJn 

'«-tojro^ir)vot\^w^,-»^^-r-»^cufocvioj(uajajajr)nmroronroof)-;i^^-^ 

ru ai cu aj cvi fu a,' Cvj cvj cxj oj (Vi oj oj oj (vj ru aj fvj ai a* (u oj {vj ru D* ro ru oj c\i oj c\j oj cv! fu 



86 



Ol 

X 

CO 











a 




















































X 
















X 




















a 




o 




























(D 
















LJ 




















C3 




C3 


























































f'- 




O 


+ 




+ 








C5 




















X 
















X 














Ov 




C3 


•»-« 




CVJ 








O 














0 






— 




















LJ 












v-f 


+ 


•f 




+ 








+ 




• 










C 






tt: 














(T» 


CY 






cr^ 






a) 




tH 


L. 


U. 


LJ Lt. 






LJ 


a 




o 








0 


0 


0 




< 


CVJ 




CVJ 




> 


> 


0^ 


< 




LJ (T • 


(T» 




•» 


x: 


r-4 


r 


m 


CD 


21 


CJ 






X 


CD 


T-l 


CVJ 


vD 




3 


O'-/ 


0 


0 




0 


> 




CJ 




a: 


or. 


X 


O 


2: CD 


X 




O'v 


3 




U h- 


h- 


(O 


1— 






CD 


t— 


a 


«— 1 






u 


X 


T — i 


irH 




2 : 


l~- 




u 




o 


LD 


CO 


5: 


+ 


(D 


CO 






z 


X 




CL 


CL 




CL 


on 






Dl 


X 




X 




CO 


CO 










X 




< 


li_ 


X 


X 


T— < 






O 2" 


«-< 




1- 


o: 


3 


< 


r-t 




OD 


v-« 


+ 




X 


r-t 


LJ 


Ll 


3 




CO 


tH 










CO 


Ll 


X 


— 








• * 




— 






< 






m. 






— 




c: 










- 


O 








(VJ 


a> 


cr» 


n 




— 




CD 


o 


Q 


a 


00 


C/) tx o 


X o 


UJ 


nr 




rv 


O 


O 


cr 


o a 


or 


fV 


O 


CL 


CO 




n 


0 


Q 


3 


CJ 


CO 


*— * 


0 


CD 0 


X 


?_ 


X 


>i 


X 


3 < 


2 


li 


CL 


if) 




< 


X 


X 


*3: 




II 


o 


<L 


X 


< 


< 


■3J" 


CD 


2 


2 : 


CJ 




X 


X 


X 


X 


7 


or 


or 


ar 


3 


cn 


CL 


o q: 


3 


O LJ 


CL 


Ov 


O CL 


cr CD CL 


(3 2: 


Q 


nr 


Cl 


o 


in 


CD a: 


3 


CO 


<■ 


CO 


CO 


or 


or 


or 


< 


< 


< 


3 




3 


X c 


3 


C3 CK 


3 


r~1 


5 


c 


< 


> 


c 


o 


UJ 


X 


< 


2: 


X 


«-i 


2 : 


c 


3 


GO 


X 




OJ 


<r 


< 


< 



o»-«ojro-4-iDvOf^o»-«cvjm-;t lf)vor^O''-*al^oxlD^o^^o^-^(\J^o 
'■-»ojroxiONorN.ir^^^^^*-<^^ajoJOJCuojai(v»ojf’')r3ron(^?fororo^xx-:r 

(n ro (n a) ro ro ro ro ro ro 00 r») ro fo 00 CO ro 00 m f'o ro a) m (n ro ro m fo m r) o) m n m 



87 



ai 



< 

5~ 

<D 

K 

L»_ 

O 

C 

Ul 

a: 

O' 

<D 

Ll 

Q 

Ul 

o 

o 

< 



4" ^ 

+ + 



OJ OJ 

_i 

G. D- 

CG Ol (/) OJ 











OJ 












— 




U 




— 
















00 




3 






X 






Q 


OJ 








»- 


OJ 




Oo 




OJ 














OJ 






CO 




X 


+ 


X 


4 


X X 


X 






CJ 


u 


OJ 






_i 


UI 


lO OJ 


^ < 


nO 


CO u OJ 


<r 


fu u 


ru 


CJ 


05 


ru 


0 




cn 


V 


(O 




CO 


X 


X 


X 


ro 


(L) 


u 


h- OJ 


0 ( 


a: 




X CL 


X CL 


X 


Q 


X u 


■< 


X- 




u 




3 : 






CJ 


217 


0 


3 


CT3 3 


<D 


X 


01 01 X 


X 


X 


z 


< 


_J 


4* 


4 




CJ 


CO X 


CO X CO 


X CO CD 


< 




< 


(TJ 


< 


< 


< 


< 




CO z 


CO 


X 


CO 


X 


X 


4 4 


X 


CO 




> 


q: 


• 


» 


X 


CT 


OJ UJ OJ X 


ru 


X 


X X 


X 


z 


X 


a; 


X 


X 


X 


> 


CO X 




3 


X 


3 


X 


X 


• • X 


3 C\J 


• • 










- 












LJ 




— 




CJ 














• • 












— 






0 


o 


Dt: 


(/) 


0- 


CL 


cr 


CO cr 


CO CL 


CO 


or CO X 


X 


CO 


0 X 


X 


CO 


0 X 


X 


X 




X 


0 X 


n X 


(O X X 


X 


CO 


fH 


2 : 


< 


_J 


5 


< 


< 


_J < 


_1 <t 


_j 


< 


_J — 


< 


< 


X 


1 — i 


< 


< 


X 


< 




1 


X 


<: 


X 


C 


X 


< 


3 X < 


<c 


3 


X 


a:. 


0 CL 


z> q: 


Cli 


CL 0 


CL 0 X 


0 


X :s: 


0 


Q 


X 


" 4 : 


Q 0 X 


0 a 


3 CO 


0 


X 


0 


X 


0 


X 3 X 


0 


CL 


CO 


< 




~) 


~) < 


> 


~) X 


“> X 


"0 


X 


~) CO 


5 


X 


< 


CO 


X 




<t 


X 


"j 


3 0( 


5 


<c 


5 


< 


X 


3 3 C 




3 ru 



o«-»a'm<rLnscr^o»-«rua>-:rioor^o*-«oj(o^Lr>vor^o*-Hrum^ 

■«-»coro^Lnvcr^»-«'r-e-^-rH^w^^ojojcvjojc\jojruainnr^o)rorocGro.4-^-^-^^ 






88 



CD 



r> 

CO 

a: 

h) 

OL 

> 

>- 

m 



OJ 

X 

CO 

cu 



a» 

X 

CL 



o 

cu 



CO 

OJ OJ 









Ll 


li- 






1— 
























































iL 


CJ 




OJ 


CJ 




































T— 4 




















CD 


(/) 




X 


X 




































57 








V 












X 


CJ 




X 


h- 




































L) 








X 












LJ 


u 




CO 




















X 


















J — 


X 




X 


< 






CL 


CL 


CL 


h- 


< 






rr 


















h- 


«-( 






« — 1 




X 








7C 




C/) 


2- 


X 




CD 


CD 


C) 


f—t 


f— cc: 


X 




c 




o 




o 






o 




u ^ 






T 




H- 




X 


:z 


*— « 




CD 


< 


X 




CD 


CD 


CD 


3: 


UJ < 


OJ 


X 


o 




X 


X 


X 






(VJ 


« — 1 


X Ui 






X 


r—t 


X X 


s: 


•- 


X »-• CO 




X 




X 


CO 


Z 


7 


Z 


CO 


X o> 


X X 


5: 


X 


X 


h- 


X 


< X 


X 


5: 


h~ 


»— 


< 




h- 


5“ 


3 


H- 


•— e 


X 


X 




X 


X 


1— 


X 










t— x 


CO 


CD 




+ 


X _J CO 


H- 


+ 


00 


LJ 






l- 






X 




X 


1- 




CD X X 






— 




CD 










u 


OJ X 




0> 


X 


X 


X 


X 


o 


X 


»- 


X 




X 






V— 




3 t— 




X 3 




X 


< 


X 


X 


o 


CLI 


«— 1 


< 


• • 




u 


X 


















«- 


— 




•* 


— 




— 






— 


o o 




*- 


— 








4^ 


-:L 


«« — 1 


or OJ 


CO 


h- 


X 


CO X 


X 


X 


X 


X 


X 


O X 


X 


O CD 


o 


X 


Q O X 


O X O X X 


X 


X 


3 


X 


X 


X 


X 


2 


CO X 


_J 


*—« 


X 


_J X 


< 


-J 


< 


3 2: 




< 


< 




X 


V 


<c 


2. 


X 


c 


2: 


C IT; 3 


CD 


< 


<c 


X 


< 


w 


CO 


C>0 


CO 


CL CO 


X 




CO 


X 


3 O 


X 


o 


X 


3 X 


X 


Q 


X 


X 


cr 


Q X 


X 


o 


X 


o ld 


CD 


3 


3 


X 


3 


OJ 


OJ 


OJ 


ru 


~> OJ 




00 


X 


-> 




3 


X 


3 3 <C 


< 




< 


< 


< 


2 


< 


< 




< 


2 r-^ "t-H 


2^ 


X 


X 


< 


2 



o--<ojro o»-«furo^ iOvOf*vo^rvjm^ irivor^o«-*ojm 

■r-i ojco-;j^ioNor^»-i'.-H-.-»--<»-«'r-»'r-»^aia<ojcvJCvjojojojrooorororooororo-:f-^ 



in LO in uT) cn Lf) ID in ID ID ir> IT ici lo xriD ID X) in ir> in LO IT) liJ in U3 !T> m in ID lo ID in in in 



or 

►- 

Q- 

X 

(VJ 

o 

x 

r-t (J) 

I 

X X 

OJ 







































a 










X 




















































»— « 










— 










a 










































X 










• — e 










♦— 










































CO 










— 










a 












y 












V 








V 
















■« — 1 




a 










a 




_j 








ca 




M — 1 








LO 








CO 




%-t 






u 






1 




<c 










a 


t— 


— 


2^ 




OJ 


< 




X 


Lil 




ai 


< 




X 




at < 




X 






— 




o 


a 




o 










*— « 


03 


a 


C/) 




cn 


?- 


OJ 


Ul 


X 




_j 


X 


OJ 


GO 




_J X 


fU 


UJ 




CJ 


a 






a 


o 


> 




< 




UJ 


X 


a 


< 


<n 




(D 


< 


j 


t— 


*— < 




LxJ 


< 


5 


03 




UJ c 




f— 




H- 


c 




*• 


1 — . 








O 




t— 


a 


a 


o 


u 




a 




LJ 




_J CT 




> 




Ld 


_1 U 




> 


UJ 






-J 


Q 




a 


X 


« • 


»» 




a 




< 




a 


x: 






X 


X 


h- 


X 


UJ 




X 


X 


»— 


UJ 




X X I- 


X 


yH 


a 


X 




}— 


CO 


a 


h- a 


X 




»- 


X 


•— • 




X 






•> 




— 


> X 






— 




> X 




— 




— 










a 




t- 


03 


4' 


a 




<D 


— 


X 


• • 






X 


< 


CD 




J- *> 




X 


C 


X 


l~ > 




I < 


OD 




a X 


.» 


_i 


X 


a 


_j a 


a 


• 


a 


I 


a 


•— • 


a 


< 


o 




— 


— 


— 


— 


o 




— 


— 


— 


o 




^ •• 


— 


— 


— 




o 


- 


a 


— 


- a 


a 






— 




— 




o 


OJ 


CL 


bJ 


O' 


a 


o a: OJ 


a 


U) 


a 


o 


a a< 


a UJ a 


a 


o 


a 


o 


ai o 


a. 


a 


Q a 


a 


a 


a 


a 


a 


o 


a 


a 




ttJ 


c 


< 


< 


X 


< -4- 


CD 


< 


< 


X 


< 4J- 


a 


< < 


< 


5_ 


<r 


X 


X 


X 


»— « 


c 


X 


•— 1 


-J 


X 


<c 


GO 


X 


x: 


X 


ir> 


O 


o 


o o on 


O LD 


03 


o 


o 


a 


Q in 


OJ O O Q 


a 


Q a: 


(O 


a 


X 


Q a X 


X 


a 


3 a a. 


a 


z> a 




Z" 


z 


>- 


2 


< 


5 


z: 


X 


X 


< 


X -n-i 




X X 


X- 


< 


X 


c 


ro 


<c 


G) 


X 


C GO 


a 


“3 


< 


“0 


<- 


"0 a 



o<rHcvifn-:^-ir>vor^O'^a-'m-:fir)vor^o-^ojro^iovor>-o«-<cur> 

^DvO^^)^DvOv0^^^vOvD^Ov£)^^)^OvO^CvO^Ov^)'CvCvOvOvO^O^O^U^^^^OvO\X)^OvDvO^O^O 



90 



d: 

<D 



(/) 

u 

X 

ai 

to 

(D 



aj 

to 













ao 


a 


















































a 


a 




























a 














■«r-f 








X 










CT\ 


CO 


















a 














> 








•«, 


tn 








a 


CTv 






a 












X 














LJ 








a 


CD 








X 


X 






X 












a 














\- 








_j 










01 


a 


3 




Ui 


































tj 


X 








a 


a 


— 
















X 






a 








O O 








a 


•- 




X 








a 




a 


a 










•• 






LiJ 






ai 


X to 








> to 


a a ch 


►— t 


O'. 


Q- 


D. 


<f a 


T— < 


< 


a 




a 


a 


a 


a 






X 


a 




CL 


[r ►- 




o «-• 


a 


a < a 




C'. 


X 


X 


Q a a 


o 


X 




> 


> 




< 




Ul 


a 


CO 




*— • 


< o 


»— ( 


CO 


5: 


>• 


X o 


X 




X 


3 


3 


X l— 


X 


X 


UJ 




a 


a 


X 


O -4- 


X 


a 


X 




X 




1 




Ld 


O X 


cn X 


CO 




CO 


3 


3 


a 


a 








a 


a 


a 


X 


+ 


<n 




a 




a> 


— z 


• 


O »“ 


a c 


a 


a 


C5 a 






— a a 




X 


a 


X 


>- 


a 




• 


a 


X 


a 






r-| — 








a 


• * 








• • 


• • 


o 






— 


— 








« • 






— 






in 


a X 




o a 


Q a 


a in 


CO o a 


vT 


Ov 


a in 


a 


r-< 


o 


CD 


o 


t:) 


a 


a 


CO 


a 


o 


a 


o 


o 


X < 


c 




<C 


X iO 


X X 


a X 


X 


X 


X 


X o 


5 


X 


X 


X 


X 


X 


i. 


X 


3 < 


X 


X 


It 


Q 


CO Q a 


a 


o a •-• 


Z) to a 


fV 


a 


a 


a 


a o 


3 


a 


a 


a 


a 


a 


3 


a a o 


a 


3 


c 


>1 


a? >" 


“) 


<c 




< Q 


"D a 


a 


< 


a 


a 


a i 


3 C^J 


<c 


c 




< 


3 


a 


3 5: 


< 


3 a 



ai cn ^ in vO -.-I - 



ajco^j'iovorvo^njro^invtjrvo^ajro-^iovDrvo^ 

, ^ ^ ^ ^ ^ cv! ai ru aj oj oj (\j a» fo n a'l ro O') (o O') ro ^ ■ 



t (VJ CO 



r^r^t^rv.r^r\f\r\r^r>^r^[N.rv^f«.^r^f>vr^f\r^r^r^f\r^r^hvr^r^rvav{^r^r^r^r^r^ 



91 



REPEAT 1» 

JPSR RNDM2 
177777H 17777 
^^dar'a CMii 
AR"^0 2PTBF + QQ 



ARMD 2PTDF+1+QQ 
MOAR'e e\'E 
ARMD 2PT3F+2+QG 
QQ-QQ+3 
ENDR 

""DAR’H 6NE 
ARMD 2PTBF+QQ 











































aj 












































to 


















L. 








▼— < 








(XI 










CD 


















— 






T-» 


< 






CU 


<r 








CO 


a 






O 








o 




C:> 


a 


^ — ♦ 


Q- 


Q. 




ai a. 


a 




a 


3 CD 


X 




a; 


(\J 


vO 




_J 


m 




X 


> 


UI 


X 


> 




UJ 


X 


X 


ai 


X 


ctj a 




CD 


o_ 


T-l 






O 


X 




or 


(D 




lU X 


Lu 


2T 


UJ 


X a 


in 


CJ 


X 


X 


a 


X 




X 




cn 


in 




<c 


cr 


CJ 






ir 


(D 






X 




CD 




— 


a' 


Ui 


Lv 






in 


OJ 


• • 




c 


(n 


{!:> 


CD 


C'J 


CD 


CD 


CD in 


Cl 


X 


X 


X 


X 




— 


o 








0. 


• • 






























a: 


in 




X 


o 


a 


m 


3 


o 


cn 


GT. 


X 


o 


q: 


fr 


X 


o 


cr 


CO 


a 


UJ 


CD 


<r. 


c 




Cj 






X 


3 


X 


c 


< 


c 


X 


c 


c 


c 


X 


< 


3 


c 


c 


X 


O 


o 


in 


CD 


q: 


3 


cn 


CL> 


or 


Q 


O 


o 


cr 


o 


O 


o 


cr 


o 


a 


o 


o 


X 




? 


T— < 




< 


3 


at 


U 


< 


>_ 


X 


X 


<c 


2^ 


X 


X 


< 


? 


3 


X 


5 


c 



o^airo^LDxcr^o— ii')vor^O'rHrvjm-4-^ 



ooooooooooooooooooooooooooooo 
U't in U) LO in Lo in ir) i/) in in in in in in lo ui it) in in in in in in in lo in in lo 



92 



50*3A ARMD’H TEMl 

50*37 ARMD’^ CXP0S 

50*40 ARAR’F’H 

50*41 15420>/H TFMl 



9 



o 

yC 



Ul 

X 



u 

CO 



_J 

< 

u 



on 

111 



or 

c 

I— 

in 



CL 

(/) 



(D 

o 



CVJ 

X 

CL 

CO 



aj 

CO 



O' 

CJ 



u_ 

Li. 







(t> 






CO 




C\J 








X 
















cr 








X 




















CO 


Ll 




CVJ 


CD 




X 








X 












*-« X 


«— 1 X 


X 








X 


xO 














< 




03 


> 




T 


0. 




LiJ 








CO 






X 






X X 


X U- 


LJ 


_J 






3 


4- 


CO 


4- 






CO 




l- 


T— ( 


CL 




CD 


LiJ 


> 




h- 




ro 


irH 








> 






X X 


X 1. 


1— 


CD 






3 


V 


UJ 


V 


1- 




0 LJ 




3 


JZ 


>- 


ZL 


CL 


H- 


D X 








X 


X fu 


:s 


CD 


:5: 


X 


LX UJ 


CO cn 


►-« 


CJ 0 


0 




3 


3 3 


3 




3 




X 


LiJ 




- 


KJ 








X 




X 


u 




4 


CO X 


(/} 


X 








CD 






• • 


CD 




CD 


X 0 


• • •— 4 




h- 


1- 


X 


X 


5 


X 


X 


u. 


> 




'> L- 


2^ 


•- 


LJ 


< 


U X 7 5! 


(D CD LO 




• • 


• » 


<C 


3 


> 


3 


H- 




Q X 


X 


3 




— 


*- 




— 






o 




o 




— 














— — 






XI 


CO 


1— 










• • 


5^: 


— 




Q 


CL 


LiJ 


<D 


O CX CL CVJ 


X 




LJ 


\jj:z CL 


X 


7Z 


CL 


cx n 


0 CD 


*• 


X 


CD 


CD 


Ld 


X 


0 X 


0 


irH 


3 X 


X 


X 


X 


< 


C 


X 


X 


X 


<■ 


-Ct 


cu 




< 


< 


< 


5 


< 


< 


c 


>1 5 - 


>; ? 


3 : 


5- 


Q 


X 


X 


<c 




C 


r 


1- 


X c 


Xj 




cr 


O 


o 




X 


cr 


X 


in 


(D rv 


Q Q 


X 


3 Q X 


CZi DC OC 


X X 


CO 


Z> 


X 


X 


h— 


0 


X 


CD 


X 




< 0 


X 


C3 


c 




X- 


< 


< 


c 


<. 








> 


X 


~> “) 


51 


'X 




< c 


< < 


0 


■D U 


u 


u 


5 ; 


< 


X 


<C h- 


1 - 5 : 


<t 


X 



o--tcXiro^tr'>vOh-o»-iCxj(a-^-u'Jvor^o^(\im-d-Lnvor^O'.-»cvjm 

y-t aiojcucvicv/OTOOfocoronroro^^ 



vH vl ▼—1 « — I ^ ^ — I T— < ^-i T— < 1 «-H V— 4 vH vH vH ^Hl ir—l t-4 « — I ^r~4 ^r-< w—| «-H w—i 

in in m in m Lo Lo in m m ID in in in in lo to in lo lo in iri in in m to in in in in in ic:> in u < in 



93 



i/) 

cr 

< 

I- 

co 

o 

CJ 



















cn 






















o 
























LJ 






















CD 
























X 






















•l 
























CO 






















o 


(O 






















h- 






















u 


CO 






rv 




































CO 




to a 






















ir 




















a 


CO (r: < 






















< 


or or 






OJ 


or 


ai 




a; a 




<c 


a 


f- t— 




CO 




O 






o 








o 


u u 


cn 




u 


u 


(D 




U D 


a 


»- 


— ' 


to to 




a 




ru o o 




o o 




yz 


«— t CVi 


CL- OJ 


X 




a 


oj ro 


-T. (VI 


a 


CO 




X 


z 


X 


• • 








• • 






o 




X X 


> 


+ -f- 


O') 


X 


X 


4 + 


(0 X 


i- 


o 




a 


— 


CO 


X 


• *- 




• • 


♦— 


• • 


• • 




• • 


CO (D 


X 


• • 


1— 


CO 


X 


e e 


1— (/) 


LO 


-n 


< 


X X 


_j 


z 


< 


I 


Ll 


< 


< 


Li- 


iL 


*• 
























_j 


— 


— 




5f 




1— 


h- 


t- 




X 


Ll. CD 


o o 


nr 


CO a. 


or 


o 


or 


CO a 


a o 


or yr 


0 


a CO 


a 


a 




_J X 


u 


UJ 


< 


< 




u 


^ 2: . 


< 


_j X 


c 




< 


_1 X 


<C X 


< 


c 


CO 


< _j 


<t 


X 


X 


LjJ 


h- 


X 


T 


H- 


1— 


C 


CD 


q: or 


Q 


X z> o 


or 


o 


a r.) CO or 


o 


a 


*— < 


o a 


no 


a 


H- 


a 


O 1- 


1— 


X 


X 


h- 




<c c. 






yr 


c 


5 


■ > “> 5 < 


y 


"O 


no 


X -} 


X 


<c 



iDvor^c^ojr^4j-iovDr^O'«-<rvjro^LO 

T-i ai ro ^ lo sO ^ <r-» w ^ -rH w oj c\j (VI fu ru oj CV.I oj (-0 m m r: m c^> 



rvj oj (VI cu ru a: (\j (VI (\.i cv fu cu cvi cvi ai cu cvi (vi ru oi cu oj ru cvi (vi cxj (v; (vi cvi 
IT) LO LO ID in in LO LT/ un LD U) in K) LO ID ID ID ID l(i ID ID ID ID LO ID If; ID ID LD 



94 



52*36 DISPLAY ( FS/ CO/ CO/ CO/ ST ARS2 ) 

52*37 TPYSTARS3: MDAR’X STARS 

5?*L0 JPLS N0STARS 

52.41 YDAR'L’N 



D 

CO 

(r. 

c 

H- 

(/) 

O 

u < 

O h- 
CJ 





li. 
























































o 


— 


x-i 










ft 












































u 


tr. 


I 










h- 


























(XI 




















<t 


CO 










D_ 


























or 


















CQ 


o 


Q. 




























m 






CT} 


i~ 




x~i 




OJ 








r-t 


Li. 


2“ 


cr 








ct 


O 














O' 




or 




O' 


cr 


CL 




T 




or 






O 


or 




> 


CD 


ft 






< 5 


ru 


vC 




00 




-i- 


h- 


cr 


h- 


(XI V- 


h- 




ID 


bJ 


CL 


i- 






ro 


i~ 




•• Ld 


>— 


H- 


<c 


nj 


*— 


ft 


ft 


ft 


OJ 


ct 




Ct 


CL 


h- 


CL 


T 


Q. 


a. 


X 


CL 1- 


X 


CL 


X 


CL 


CL 


>- 


CO cr 




0- 


_J 


+ 


CO 


< 


h- 


i— 




t— 




H- 




CL 




bJ 






— 


or 




bJ 




— 




ar 




< 


tr a. 


b. 


CO 1- 


» 


51 




a 


CL 


b- 


CL 


Lu 


CL 


►-< 


1- 




t— 


►-f 


¥-4 




1- 


X 


1— 


*— 1 


b. 


b_ 


H 


*— « 


_J 


c 


— 










• • 












































Q. 


h- C O' 


O ft 


CO 


CL 


t-H 


o 


O CO 


O 


CO o 


or 


o 


or 


Q 


bJ 


CD 


or 




O 


CO 


O 


ar 


CD 


CO 


ar 


CO 


CO 2: 


< 


5: 


< 


_J 


51 


Q- 


>:. 




< 


5 


< 


51 


< 


5 




51 


C 


5. 


< 


< 




< 


5 


< 


X 


-J 


< 


*—» 


ID ct o a; 


o 


CL 


3 cr 


q: 




O 


ft 


o ct 


o 


ar 


Q 


a: 


Q 


or 


o 


CL 


or 


Q 


or 


or 


o 


CL. 


o 


o 


2 < 


51 


c 




~) 


3 


l~ 


< 




51 


c 


5_ 


< 


51 


< 


5 


<L 




< 


5 


3 


<L 


51 


< 


< 


51 


3 


5 



o-.“«cv:ro-4-in'Xjr^O'.-«ajm-4^invor^O'^ojm^LOvO 
^ (Vjm-^i- LOvcr'-'-H ^^^w^^^rucuojcvjajojojfccnnfomnfnm 



D n r) m r^i r) r> r) ro m r) cn n n t^) r> ro ro m (n (n ro m ro ro m 00 

in ir> U7 in in in in lo in to in in ir"? m in in in in in in lo in in in lo u > in in un in 



95 



53*27 ARMD’ I PREV 

53*40 JPLS *•+•3 

53*41 ^’DAR PREV 

53*42 ARMQ lPTR 

53*43 ^^)DAR FTA 



ro 

ir 






Q. 











Ll 












n 




CL 


CL 


CL 


















00 








oo 












— 












— 




»- 


►- 


H- 




Ll 














<D 








CD 




V— < 








(T> 












LJ 




CL 


a 


D- 




— 


fu 












CL 






OJ 


CL 




or. 






^ — 1 


X 






0 


fu 




< 


»-< 


CO 


</) 


CO 


CJ 


CO 


O' 








U 




X 






X 


X 




i- 


w-t 




Ch 


C 


»— t 




C'. 






0 










cn 


c 


h- 




ID 






fU 




CD 




LJ 




0 


a 


or 


< 


CL 


5: 


X 


ru 


CL 


0 




2: 


LJ 


X 


X 


^ X 


CL 


0 


CL 


U. 


CL 




CJ 


X 


X 


CL 


7 T. 


1 — 


z 


CL 




h- 


1 — 


or 




UJ 


+ 


g: 


k! 








— 


— 


— 


cr. 


2: 




X 


CL 




CL 


LiJ 


— 


^sl LJ 




— 


rvJ 




D- 


Li- 


H- 


• •■ 


l— 


» 


1 — 


or 




»• 


< 






li. »-« 


H- 




•— 1 


CD 


H- 


Lu 


< 


h- 


X 


X 




X 


X 


2 


— 








0 










X 


^ f 


— 


— 


— 


— — 




• » 


— 






— 






— 






— 


— 




0 


cr 


0 


CL 


(D 


CD 


CO 


CL 


q: 


*> 


ro 




n 


0 


CO 0 


CL 


10 


0 


CL 


U) 


ao 


0 


fL 


Ui ej 


0, or 


LJ 


CD 


2 


C 


T 


j: 


a 


X 


_J 


5: 


CO 


r^ 


Q. 


<3. 


X 


X 


<C X 


2: 


CL 


k 


< 


_i 


X 


V 


C 


c 


X 


X 


< 


< 


X 


or 


0 


rr 


=> 


or 


0 


a 


3 


CL 




CL 


Q 


QC 


cc 


Q or 


3 


CC 


CL 


0 


CL 


CL 


CL 


0 


0 


x: 


or Q 


0 


kC 


c 




<3: 


“) 


h- 






~> 


~) 


rv 


1 — 


2 


< 


< 


T < 


“) 


t- 


< 




X) 


< 


<C 


L 


X 


< 


c 


X 


X 


c 



o-T-iajro-^f LOvCir^o-rHOjcn^iovor^OT-^furo^LOvD 

'r-^ cxj r> ^ u") vo »-e ^ ^ ^ cci oj oj a» at cv. ai a< OQ ro m r> ro ro ni 



in ID IT) m LO IT; in lO in lO LO LO ID ID lO in u'l in Lf; IT tn ID IT') to ID U") LO LO LO 



96 



54,37 MDAE TEMl 

54.40 f^DAE’N’H SH 1 C=R 

54.41 JPAN -+E 

54.42 JUMP TRP51 

54.43 ^DAR AROVF 



IxJ 

ID 

fr 

< 



tn 

< 

cn 

(ii 

r: 



OJ 

li- 

u 



LJ 



T 

(T> 



Os 

LiJ 































OJ 








OJ 








CL 










































CO 








CO 








LJ 










































<n 








ITD 








OJ 


















CsJ 


<t-i 










CL 












CL 






OJ G. 








X 












OJ 


T— t 




rr 


D- 






^ O 


CD 




CLI 




u 




X 






5 


> 








CO 




OJ 


X 


CVS 




X 


in 




h- 


X 




> 


> 


CT> 


CD 


CVJ 


in 




> 


CLI 




<D 




U 




CD 


tH 








in 


> 


in 




1— 


Q. 




CL 


CL LJ 




tr 


or 


CL, 




u_ 


CL 




<D 


r 


2 


CL 


2 


h- 


2 


nr 




2 


X 


r j CL 


(D 


X 




X 


cr 






X 




CO CD 


Gl' 




X 


CL 




CL 


LJ 


— 


tX 


bJ 




— 


IX 


X 


LJ 


— 


+ 


X 


X 


X 






h- 


U 


*-» 


l.J ^ 




X 


X 


H- 


-• 


CO 


1— 


U 


< 


t- 


X 


X 


1— 


X 


X 


2 


3 


h- 


2 


• 


1- 


< 


»— 


U 


t~< 






























•- 












O 


















z 


o o 


nr o 


<D o o n_ 


in 


CL 


CO <D 


O CL LJ a-j 


o nr 


LJ 


CD 




LJ 


Ul 2 


X 


X 


2 


CD 


o 


< 


X 




< 5 


X 








0- 


< 


3 X 


x: 


< 


< 


X 








X 




< 


< 


< 


> 


c 


< 


X 


2 


Cl 


a: 


nr 


o cr 


cr 


or. 


rr 


3 


n: 


O CL 


rr 


CL f :i CO 2 


CL 


Cl 


O 2 




O O X 


3 


CJ 


X 


X 


X 




<c 


< 


5- < 


< 


<r 




3 


»- 


5 


3 


<c 


c 


2 




C 


< 


r 




< 


«-i 


2 


2 


3 


3 


2 


3 


< 


< 



^ oj cn ^ ui vO rv. - 



,^^^^^^cuaiCo(xiojfVja'(\j<r)r)Droror^ron^ ^ 



LO m lo in in in LD If) in in in in in in L/i m LO Lfi ID LO LD LT> III in in ii> in ti) ID ID iri Lo u> 
in in in Lo Lo in Lo in in LO LO in tn in in in in in LO in LO in in in in LO in LO in in tn in ix^ in in 



97 



MDA'^ EXP 
ARMD’N EXP2 
ARXg’F 
ARMO XGRV2 
ARMD YGRVP 



vC 









vO 




































h- 








> 
















CL 




































n 








GO 
















h- 








(L 




































a 
















a 








t— 












to 


OJ 










CL 




•— ( 








< 
























CL 












CL 


Y 










CJ 




— 




















a. 




0 
















CO 


(\j 


h- 


IxJ 










H- 




a 








a 






(VI 




0 


OD 


0 


> 








Y' 


0 




lx 


CL 


5 


CL 


l- 


CD 




cr> 




l- 


af 


< 






«-« 


<: 


0 




a 




c^. 


(D 




CL 


hv 




00 


— 






> 


f— 


Lxl 






CL 




CL 






X 


0 






m 


0 


X 




t- 




OL 


z 


CL 


C 


CL 


C\J 




X 


CL 




CTj 


a 


1 — 


t—f 


Z 




X ^s 5 


X 


X 


a 


Y 


a 




a 


Y 


a 




a 




CH 




CL 




h- 




h- 


- 


CL 




CL 






— 


— 


Y 


— 


Y 


— 


— 


a 




a 




a 




a 








l— 


• • 


h- 


• • 


Q- 


u_ 


a 


■ — 1 


h~ 


a 


C 


• — c 




X 


X 


X 


a 


X 


a 


z 


a 


»• 


1— 


Uu 


i- 


»• 


a 


*— « 


3 




ai 




x—t 




— 




— 








— 


— 


— 


— 




» 




— 


— 




0 




— 




fvj 




•• 


— 


— 


CL 


in 


Cl 


-■t 


0 


CO 


a 


CL 


2 ! 


<n 


0 


CL 


IxJ 


a 


LxJ 


<n 


CL 


ay 


a 


UJ 


z 




CO 


(D a 




z 


CD 0 


a 




Q_ 


Y 


CL 






Y 


< 


< 


X 




c 


< 


< 


< 


X 


< 


X 


< 


< 


c 


a 


_j 


X 


Y 


a 


< 


X 


> 


<c 


Z> 


CK 


3 


CL 


CL 


0 


CL 


CL 


a 


CL 


CL 


0 


0 


0 


0 




CL 


z 


CL 


Q 


a 


a 


a 


a 


3 


a 


a 


a 


a 




~) 


h~ 




1 - 


C 


Y 


c 


Y 




< 


< 


i: 




Y 


>: 


< 


< 


< 


< 


> 


*x 


i— 




< 


3 


h~ 


3 


< 


c 


X 



o^ojri<* invor^O'<~«OJf^'-=rLf 5 vDr^o«-‘Ojm^ invx?- 
oj CO lo vO ■«-<■«-» -r-f ^ -r-4 ^ ^ w (vj oj cvj oj a< (VI cu oj CO r> ('o r) ro ro ro 



Nf)v£)'.CvO\OvCv(:\( 3 sCvCvOvOv( 3 'X)N(ivDvOvOvOvDvOvC\OvO\£Jv£J'l;vO>i;^C 

lo in If) tr: ir) in m in lo lo ir> m in un in in u . in iri u) if' in un un uo in ir • in 



98 



56*37 30C00 

56*^C ARMD’I PTR7 

56.41 TRP90: M.DAR PTRl 

56.42 PREV 

56.43 TFtPgi: MDAR TPTR 









cn 














nr 
















X 














1— 
















nr 














Cl 
















(D 














> 
















f- 














?■ 
















•s 














nr 
















to 














i— 
















Li^ 














to 
















j: 






























•s. 














X 
















0 














- 








nr 








LJ 














1 — 1 








I— 








«» 














— 






nr 


CL 








0 














QC 






h- 


> 






oc 


U 














< 






n 


z 






h- 










CO 






Q 






> 


or 






a. 


(O 


X 






nr 




0 Z 






^ > 


h- 




Ul 


cn 


b. 


(D 






< 












■c -4 nr 


C/) 




z 






Oil 


X 




1 - 




* » 








? i- 




a. 


OD 


X 




X 


rr 


lij 


to 




(T 


UJ 






u to 


t—t 


DC 




— 


> 




1— 


z 






h- > 




vO 




— 


h- 


X 


•— « 


< 


• • 


to 0 


Ll 




CL 


(D 




f 


c 


X 




•- 


— 




DC 










> 




— 




— — 


— 


co 


QC 


0 


CL 


<X 




z 


DC 


0 5: 


or 


UJ 


X 


nr 0 


0 


_J 


< 


?.: 


CO 


h- 


< 


< 


< 




cr 


< 


< 




< 




n_ 


Q 


QC 


►— « 


to 0 a. 


0 


Q' 


h~ 


I— 


0 0 0 or 


fr 


~> 


X 


< 


0 




> 


") 


5 


< 


to 


to 


z 


T-. 


z < 


< 



cn 



n_ 


r» 


cr 




















> 


z 


i~ 
















1 




z 


ijj 


a 




llJ 


T-< 








1 — «— « 


0 


h- 


nr 


to 


> 




> 






1 


1 


r-« » 


z 


t— « 


1- 


nr 


z 




(n 


ro 


Cfi 


OJ 


CO 


ro CO 


Lu 


cn 


LiJ to 


< 


or 




z 


CO 


_J 


CO 


to 


J to 


CO 




Z 


1 — 


1— 




nr 


oc 


CD 


tr 


nr 


CD X 


cr 


CD 


15 •-« 


to 


to 


OJ 


< 


<c 


ixi 


< 


< 


UJ < 


< 


■jJ 


— 






+ 


1— 


h- 




H- 


H- 


»— 


h- 




m X 


Li_ 


z 


" 


to 


to 


CD 


to 


to 


0 CO 


CO 


CD 


or 0 


nr 


LU 


z 


X 


nr 


DC 


0 


DC 


c\r 0 


or 


or 


< z 


<c 


< 


< 


z 


<: 


C 


z 


< 


< z 


c 


<. 


0 nr 


0 


0 


Q. 


Z) 


0 


0 


or 


0 


c:j DC. 


Q 


0 


> <r 


z 


z. 


~> Z) 


z 


z 


< 


> 


5 < 


Z 


z 



o »-<ojro-3-invDr^o^a.!ro^iovorvO«-«ojm4-if)vL' 
«-» oj ro ^ if) vD T-< ^ ^ ^ ^ ro ai cu oj oj Co ai oj CO m 0 ^) {>) fo D n 



f\ r^r^r>-rvrvr^r^r^r^r^rvr>.rxrvf^r^rN.rv.rNr'.fv.rv.r>.rvr^r^r^rNrv 

LO ID lo in if'» in LO in lt; LO ID in LD in in in in in in in in in in in ir ■ ir^ in in in in 



99 



57.37 ARMO STARSEND-1 

57 . AO dne: mdar’n strtf 

57. A1 JPAN DNEl 

57.42 ^^■D2R»N ZERR 

57.43 JUMP 9UTPUT 



nC vO 







































o 




O 
































































o 




O 




































»- 




























z 




z 




































Z 




























X 




> 




































3 




























-w 




— ' 




































<D 




































































LJ 




























X 




X 






























u 






1— 




























3 




3 






























1— 














Lc 






















































o: 






X 








U- 




















5 




> 






























h- 






— 








CD 




















^ vO 




vD 




















■ — ■ 










U) 






cc 








U 




















X 




X r^ 














— 




o 


in 












h~ 




< 




CL 
















OJ 








— 














■ — . 




in 


o 


X — 1 


CVJ 




o 






a: 


3 




Q 




LiJ 




CL 










CL 


l- 












r>- 








— 


o 




OJ 


x-t 


1 


1 




OJ 




o 


<c 


D. 


T~l 


<c 


o 


> 




(>0 






CL 


1- 


CD 


3 








z r'v 




o r>v 






x~l 




ai 






<s 




«w 


o 


1 


X— < 




Q 


l~ UJ 






CD 




CL 


<D 




CD 


3 CD 


CD 








• 




• 












o o 


o 


o 


o 


PO 


Xt 


•x 


• • 




3 


Z 


• • 




h~ 




3 






(D 


O 






















o 


o 


o 


m 




o 


o 


-:J- 


1 


o 


o 


h- 




<D 


o 


h- 


_J 


cn 










3 






»-'i 








^ — < 




«-* 




• » 


O 


o 


C3 


•K 




OJ 


aj 


r~t 


•X 


o 


o 




• •■ 






3 


»- 






• * 




Z 




» * 


* • 










CD O 




CD O 




x—J 


ro 


n 


CU 


T-* 


1 


1 


t 


t 


»-< 


fU 


a 


o 


T — i 


Z 


CL 


CL 




CL 


Q- 


-r-» O 


CD 


CL 


ai 


CO Cl 


CL 


Q. 


0 


O' o 


5_ 


CL O 


5: 


CL 


■ — ■ 






















o 


U 


< 


z 


h- 


o 


CO 


(D 


h~ 


«-c 


V 


Z 


h- 


h- 


i7 


CD 


CD' 


CD 


o z 


C3 


CJ Z 


o 


♦—1 
























o 


z 


Q_ 


3 


3 


C3 


CL 


O 


3 O 


-J 


3 


3 


3 3 CD 


CD 


< X 


z 


< X 


z 


X 


z 


z_ 


D 

D 

D 


o 


O 


o 


o o 


xO 


H- 


o 


3 3 CT) 


Z 


3 Z 


CD 




u 


") CD 


CTJ' 


3 


Z 


z 


z 


z -- 


LiL 


z -- 


UJ 


CO 

























o«-icviro-4^mvC’r^O'r-«aj(^^-LOvor'vOv-<ojD-:j-LfivDr^o^ajf^-=j 
»“»ajro^LONOi'v»~iT-^<.-i^T-»^^»-troojaifu<vifucvj(\imnrr)c^jnn')mro-;t^-^ ^ 

OOOOOOOOOOOC 3 000000000000000000000000 
vOv£ivO\ON£)vOvOv£:v£)vONC'vOvOvCvL''vDvOvOvf.'\OvOv£^-NOvO'£'vOvOvOvDvO'X>'OvC''CvC‘NC 



100 



^ 

f\.' 4 f — -r-<f\jr^vor^«-H-.-i,-ii t tcvj«-H 

ai^'-'Oi -K 

- «%oro •% -^oooooooo -sO 
oom I oOLO^-^r^'T-t^r^^r^Lno 

hv^ ^ n-4-r^r^^(\jT-.>rH{\j^ajT-ir^oj 

w I »H ^ j ^ I r t I I I I I I I I 



r QQ 5 : 002 : 0005 -Q 5 LOOC >5 



X 



03 

D_ 

X 

cn 



^ ^ o o 

oo 

oo--^'-o<-^ » oorooj 

tHx-i-* 0-<^«I f 

•*-sO-rHI 

00 --H «, -> 0 «rH -^O-^fO 

I I OOJOJOl 



xy:c 35 'o 5 :orociO 



OT-*ojOi<fLf>vOh'.o<.-HO;r^^iovfr^o--'Ojro^mvr' 

«-^oj^o^Lf>^Of\•c-^,-^<r-{,^*-^1,-^*-^wruolOJOJOiOJOj030)0^o^moJ^^)o^ 



>OvDvX3vOvOvOvO\OvOvi)vOvOvOvO>0'C'!\Cvr>vO\C;NOvO'£JNL'>X)vOvOvOvONrj 



101 



61*37 *D (24/-330) 

61*40 *D (14/-340) 

61*41 *D (-14/-3^0) 

61*4? *D (-?4/-330) 

61*43 *D (-30/-P00) 





























o 









o 


o 












^ - 


o 


in 






o 






o 




•4- 


— 


— 




o 


. — 


o 


^4 


o 


O 


o 


-4 


^c— 4 












in o 




ru 




o 


VO 


o 


— 


in 


m 


(XI 


-4 


4^ 


O LO 


o 


^ — 1 


(XI 


in 






ru 


aj 








o 




ai 


t 


1 




aj 


1 


«— • 


o 


» 


1 


1 


ru 


PQ 


in 


f 


LT) 


ru 


1 


1 


(X 


(X 


( 


( 








ru 




■y <y 


•y 


<y 


o 


1 




•s 


o 


*N 


•s 




1 


1 


1 




» 


( 






t 


I 




•» 








•y 


o 


o o 


o 


o 


(D 


iy 




o 


r-1 






o 


•s 


<s 




o 


V 


s 


o 


o 




V 


o 


o 




»• 


o o 


O 


ro 


4^ O 


o 


4- 


1 


o 


aj 


ai 




— ( 


X — * 




o 


-4 




aj 


O 


O 


(XI 


ai 


o 


O 


,-f 


vH 




X 


o o 


O 




^ (VI 


ru 


y— • 


•y 


o 


t 


1 


o 


t 


t 


1 








1 


CX 


ai 


1 


1 


%~i 




t 


t 


O 


T-t 


fo CO 


(U 


y-» 


t i 


t 


1 


y-l 


(XI 








































Q 








^ — 










o 


o 


o 


5: 


o 


o 


o n o 


2^: 




o 




Q 


zr 


o 


o 


Q 


It 


X 


X T 


Oi 


o 


D 

D 


o 


D 

D 


o 








































cn 



















o^rvjro^LnvC'r^o^airn-i“if)vr)r^o»-<ajr')-:j-mo 



oj oj oj nj c\j r«j ai <\i aj oj oj oi fu a; ro oj CXI ru (VI fu oj c\j nj aj oj oj cu oj (xj oj 

vOvOvCi'i)v£>vOvONC'CvOsOv£;>i)vON£)vC'i>vONOvOvOvC'vOvDvOvOv£)vt)'r>vD 



102 



62-37 -D (300il) 

62-40 -M (170/22) 

62-41 -D (-40/140) 

62-42 -D (1/30) 

62-43 -M (1/-30) 



o 

















cn 


in 


































— 


■4 


ai 




un 


PQ 


T-i 


— 






r^ 


vC 
























o 








o o o 


■r-l 


OJ 




VD 




^ — V 




■<— « 


• 


1 


I 


aj 












— 


O 






o 




, — . 




o 


O fO 


4- 


1 


1 


OJ 


•>> 


•s 


•y 


•« 








% 


1 


•k 




ai 




o 


CO 


1 


— . 


o 


■«-« 


» 


o 


O 


r) 


ai D 


ro 


«* 


H 




o 


O 


o 


o 


o 


o 


o 


o 


■* 


o 




1 




y-l 






o 




1 


•y 


o 




t 


( e 


1 


o 


o 


in 


cf- 


■3- 






-4- 


h- 


-4 


-d" 


in 


o 


o 


• 


• • 


% 


•y 


o 




1 


•k 


o 


v-» 


•s 


•s 


^ *y 


•y 










ai 


r-* 




aj 


t-i 


fVJ 


■^1 


rv. 


aj 




li 


X 


o 


o 


T-« 




•y 


o 




-y 


O 




O 4^ 




1 


»— ( 


1 


t 


( 


1 


1 


1 


1 


1 


1 


1 


1 




k~( 


ru 


■rH 




t 


T-» 




T— 4 


f 


o 


ai 


aj 


C'o a. 


























— - 


— - 




> 


a. 











— - 


— 













y-' 




























X 


h- 




























o 




t: 


o 


o 


o> 


51 


a 


21 


O 


Q 


o 




*> 


X 


X 


T 


5 


o 


2 


O 




o 


21 


o 


o 


0 

D 

D 




























-~i 


CO 


CO 



























o «-« (\j m ^ lO vo o rvj ro ^ in vD rv o ->-• oj r? If) vC) 

•.“«ojn^Lnvcr^-r-i^^w»-i-r-<-c-<»-tojajojfviojfuajfur)ron>ror5foro 



ro ro ro m ro r) fo m {▼) r) ro D ro n ri (^; r) ro m ro n D m m ro n ;io O') m ro 

vOvOvOvOvO\r'vCvOvOvCvC'vDvCvO'CvOvOvOvOvO\Ovf)'X)NCvCvCvONC\OvO 



103 



63-37 -D (-24,-330) 

63-40 -D (-30/-EC0) 

63-41 -0 (-24^-30) 

63-42 -D (-20/10 

63*43 -D (0/100) 
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6^*37 ‘^;ACR02 QUADRANT ( VAL 1 ^ VAL2 ) 

64.40 CC=0 

64.41 REPEAT 40 

64.4? DD=40-CC 

64.43 VALl ANUH (VAL2 AN) 
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65*37 N’DAR’N DEL 

65.40 15400s/H PT 

65*41 N69P 

65*42 MDAE C0S 

65*43 ^.DAR’A’H A!^SK 
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65*37 ARMD RCSUNTl 

66*40 EXPef^i: ARXG’F CEXPGDEX'TI AL RANiDSM NUMBER GENERAT8R 

66*41 ARMD RCGUNT2 CADDITIVE TYPE 

66-4? ARMD RSUM 

66*43 ARAR’x RCGUNTl 
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67.37 RSUM: 0 

67.40 RAMSK: 37777 

67.41 datastqre: 0 



I 3 LK: 0 CIMIT 
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RADAR AND SHIP INF3RMATI0N SIMULATOR 
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THE FPLL9WING PR5G^A^ SEG^<ENT IS USED T3 SETUP THE IMTERFA 
BETWEEN THE ADAGE SYSTlN AND THE XD3 - 5300 COMPUTER 
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CALL DELAY 
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